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PREFACE. 



This index includes the principal papers and articles which 
have appeared in Engineering News from the issue of the first 
number in 1874 to the end of the year 1890, and thus comprises a 
reference list to nearly all of the important works accomplished or 
begun, relating to civil engineering and its allied professions. The 
aim has been, by a critical examination of each article throughout 
the files, to preserve references to all those of permanent technical 
value, while omitting those of no present practical use. The index 
is by subjects, alphabetically arranged, with numerous cross 
references. 

New York, April //, iBgi. 
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ABBREVIATIONS. 



addr. address. 
Ant. American. 
antt, amount. 
anal, analysis. 
ap. apparatiis. 
aut, automatic. 
bat, battery. 
b's, boilers. 
bu. building. 

cal, calculating, calculation. 
cafac, capacity. 
C, E, civil engineer. 
centrif. centrifugal. 
chem, chemistry. 
comp, compound. 
cofidens, condensing, condensa- 
tion. 
cor, correspondence. 
Go's, Companies. 
cyl, cylinder. 
dec, decrease. 
dept, department. 
des, designer, design. 
diam, diameter. 
discov, discovery. 
discuss, discussion. 
distrib. distribution. 
dyn, dynamometer. 



econ. economy, economical. 

ed. editorial. 

effic. efficiency. 

elec. electric. 

eng. engineering. 

es. estimate. 

estab. establishment. 

evap. evaporation. 

exam, examination. 

excav. excavating, excavation. 

exhib. exhibition. 

expt. experiment. 

frt, freight. 

galv. galvanometer. 

gov. governor. 

h. house. 

H. P, horse power. 

hist, history. 

hor. horizontal. 

ht. height. 

hydr. hydraulic. 

ilium, illuminating. 

imp. improvement. 

inc. increase. 

incand, incandescent. 

indus. industry, industrial. 

ins. insurance. 

Inst, Institute. 
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ABBREVIATIONS. 



I 



inv, inventor, invention. 

locom, locomotive. 

M, E. mechanical engineer. 

mack, machine, machinery. 

manuf, manufacture. 

max, maximum. 

min, minute. 

mt, mountain., 

tnunic. municipal. 

mut. mutual. 

n, note. 

nav, navigation. 

obs, observations. 

pass, passenger. 

pat, patent. 

pneu. pneumatic. 

pop, population. 

por, portrait. 

pro, proceedings. 

proc, process. 

prog, progress. 

pyrom, pyrometer. 

R, R, railroad. 

Ry. railway. 



refrig. refrigerating. 
rep, report. 
san, sanitary. 
sec. second. 
Soc, Society. 
spec, specification. 
sq, square. 
si, street. 
Stat, statistics. 
str, steamer. 
sup, supplement. 
sys, system. 
teleg, telegraph. 
teleph, telephone. 
temp, temperature. 
topog. topographical. 
util, utilization. 
vac, vacuum. 
vel, velocity. 
ventil, ventilation. 
wks, works. 
wrt, wrought 
«//. weight. 



Engineering News Index. 



Note.— The black-faced figures refer to the years, as -86 = 1886, and folloiv 
the references. 

When, in dates of months, the same fig^ures are repeated, as ''Aug^. 24, 24 " the 
article is to be looked for in two or more places in the same issue. 

The * indicates illustrated articles. 

African Sea, interior, Mar 29-84. 

Africa South, notes, July 20-83 ; June 6-84. 

Agrricultural machinery. Am. and English, P. T. Quinn, Oct 

25-79. 
Air, compressed, as a motor, ed. Aug 15-74; st. car, Sep 9-76; 
on elevated Ry., n Nov 5-81 ; st. motor, Astoria, Long Is. 
July 25-85 ; distribution in Paris, Popp sys. ♦ Dec 14-28-89 ; 
St. tramway motor, the Mekarski, * May 24, * 31-90. 
Compression, graphic diag. of, Ingersoll-Sergeant Rock Drill 

Co. Oct 18, correction, ♦ 25-90. 
Compressors, air valve, Ingersoll-Sergeant Mfg. Co. * Sep 
27-90 ; the Clayton, ♦ Sep 24-81, * Aug 10-89 ; the Frizell, 
Oct 31, * Nov 7, 14-78 ; Ingersoll's, Jan 12-84; light porta- 
ble, * Oct 12-89. 
Engine, compressed, student's model, Sep 23-76 ; hot, Wood- 

bury-Merrill, and tests, * Sep 14-89. 
Navigation, natural limitation of, J. B. Johnson, Engineer's 

Club of St. Louis pro., Dec 6-90. 
Resistance. See also Atmospheric resistance; Railway 
train resistance. Experimental study of, O. T. Crosby, June 7, 
14-90 ; laws of, ed. * June 21-90 ; do H. A. Hazen, and ed. 
July 5, 5-90 ; correction and ed. July 12, 12, C F. Marvin, cor. 
19-90 ; determmation of, do Sept 27-90. 
Valve, the Rand mechan. * May 11-89. 
Alexandria, City of, July 15-82. 
AlleUy Horatio, per. * Jan 11-90. 



2 ANQLB. 

Angle prisms, Gieseler, * May 12-88. 

Antiquities of the Amazon River, Steere, Feb 19-76. 

Antwerp, growth, Aug 2:i-84. 

Aransas Pass, Tex^ imp. of, * Aug 30, do L. M. Haupt, cor. ♦ 
Sept ia-90. 

Arches. See also Bridges, arch. Cabin John, Wash., Meigs, 
June 25-87 ; Conxrete, expt. on, Shirreffs, » Mar 3-77 ; con- 
sidered graphically, C. E. Greene, * Jan 13, 27, Feb 10, 17, 
Mar 10, 31, Apr 21, 28, May 5-26, June 16, 30, July 7, 21, 28, 
Aug 11, Oct 13, 20, Nov 10, Dec 15-77; false skew bridge. 
Mar 20-87 ; St. Paul, Minn. Oct 17-85; stone, Nov 19-87; 
do Penn. R. Aug 13-87; table of ordinates, * Apr- 75 ; tem- 
plet for, various thickness, * Mar 8-90 ; wet, German method 
of repairing, * Dec 13-90. 

Architect's fees, French, n Mar 11-82. 

Architecture, ed. Feb 12-76 ; dates of buildings of world, n 
July 25-85. 

Argrentine Repub., harbor imp. Nov 21-85 ; Ry. map, * Dec 
8-88 ; Jan 26-89 ; notes, Shunk, Feb 22, Mar 22-90. 

Arithmetic. See also under Mathematics. Hindu, May 10- 
90 ; the number 142,857, cor. n Oct 25-90. 

Armies and Navies of Europe, table, May 30-85. See also 
Military-Naval Engineering. 

Armor. See also Gunnery. Cellulose, Dec 1-88; steel, tests 
at Annapolis, Sep 20, 27, * Oct 4-90. 

Army of the Cumberland, hist, of, Van Home, bk. n Jan 2^76. 

Asbestos and opening mach. Mar 6-85. 

Asphalt. See also Paving; Roads; Streets. Asphalt and its 
applic. to St. paving, Ellice-Clark, May 1-80 ; asphalt plates 
for waterproof construction, * Nov 1-90 ; price of, Oct 25-90; 
rock asphalte, French, Apr 18-85; Val de Travers, Dec 
24-81. 

Asphaltum deposits of Cal. Jan 8-87. 

Astronomy, May 15-74 ; Uck observatory, Sep 12-85 ; planet 
Mars, map, * May 18-89 ; the meteor of July 8, J. Newman, * 
Sep 16-76; Nice observatory, floating dome, June 20-85; 
notes, Bumham, Apr-Dec 15-75; do Jan 22-76; ruling ma- 
chine, aut., fine rulings on glass, W. A. Rogers, n Feb 19-76. 

Atmospheric resistance, expt. study of, O. T. Crosby, May 31- 
90. See also Air resistance ; Railway train resistance. 

Averaging Machine, Auchincloss, * Mar 4-82* 



BOSTON. 3 

Balloon, the, Dec 15-75. 

Ballooning, military, July 14-83. 

Barlow, Wm. Henry, Jan 17-80. 

Barometers, aneroid, leveling, Goldschmid, * May 27-82 ; do 
Gieseler, Aug 4-88 ; Goldschmid, Apr 3-86. 

Barrels, cement, etc., cubic capac, n Feb 15, 22, Mar 29-90. 

Beams and girders. See also Girders. Cross-sections, unsym- 
metrical, J. B. Johnson, * Feb 4-88; flexure of, expts., ed. 
Mar 4-76; girder. Flitch plate, expts. with. Woodward, Oct 
7-76 ; I beams and channel bars, comparative moment of in- 
ertia. Bland, Mar 17-83; plates, stresses on rivets in. Mar 
6-86; strength of, empirical formulae, P. Roberts, Jr. June 
27-78; truss deflection, June 18-87 ; wts. of girders and roofs, 
Buck, Mar 3-83 ; girder work, wrt. iron, C. G. Smith, Sep 29, 
Oct 6, Nov 17, 24, Dec 1, 8, 15, 22-77. 

Becker, Max J., por. * Feb 9-89. 

Belting, leather, and iron pulleys, Willett, Jan 15-76 ; do, some 
things well worth knowing about, J. Rose, * Dec 6-79. 

Benham, Henry W. June 7-84. 

Berlin, a model city government, Apr 8-82 ; st. cleaning, n May 
31-90 ; do and paving, in 1889, Dec 13-90. 

Bids, competitive, law and principles of, G. H. Corliss and Boston 
main drainage pumping engines, Sep 18-80. 

Big things, some, Nov 11-82. 

Blasting. See also Explosives ; Mining ; Quarry ; Tunnel- 
ing. A big quarry blast. So. Beth., N. Y. * Sep 21-89; 
method for determining the charges of dynamite for sloping 
rocks, * May 14-81. 

Blowers and fans, ventil. effect of, Dec 11-86. 

Bolts and nuts. See also Screw threads. Screw threads, expts.. 
King, Oct 17-85. 

Book-making: machines, Feister, Apr 10-86. 

Books, scientific, W. H. Farrington, addr. Mar 19-81. 

Boston, engineering improvements, ed. June 24-82 ; harbor im- 
provements, Sep 22-88; making new land in, Feb 20-86; 
park sys. Aug 27-87 ; parkways, road and drainage construc- 
tion, * Sep 15-88; passenger travel growth, Galloupe, Aug 
6-87; streets, (See also under Pavements; Water Supply; 
Water- works), how kept clean, Jan 24-78; do and st. Rys. 
Mar 13-86 ; tenement houses. Mar 2-89 ; West End imp. 
Oct 22-87. 



4 BREATHER. 

Breather, the Fleuss pat., for water, noxious gases or smoke, * 

Sep 16-82. 
Brick, burning, oil vs. coal for, Crafts, Feb 2-89 ; Indus., N. Y. 
City, Tomkins, June 11-87; machine. Chambers Bros. & Co., 
PhUa. * Mar 13-80; resistance of to crushing, n Nov 20-80; 
law of crushing strength, I. O. Baker, Feb 2-89; stones and 
cement, tests of, Rudiger, Apr 21-77; brick-work, to estimate, 
n Oct 12-89. See also Building, brick; Pavements. 
Bridges, accidents. See Railway accidents, bridge. 

Albany & Greenbush, Albany, N. Y. Nov 19-81. 

Allegheny Suspen., Pittsburg June. R., rep. on cables, Colling- 
wood, Aug 2-84. 

Alexandra, Pimjab No. State Ry., H. Lambert, Oct 31, Nov 
7-78. 

American, at Centennial exhib., Chanute, cor. Feb 5-76. 

Apple river, fall of, Mar 31-88. 

Appomattox High, Oct 22-87. 

Arch. See also Arches. Cabin John, Wash., Meigs, June 
25-87 ; Ead's new, analysis. Bowman, * May 13, 20-76 ; skew 
or spiral, Paret., Cin. & Rich. R. * Oct 20, 27, Nov 3-88 ; 
ribbed steel, at Rock Lane, New Haven, Conn. A. B. Hill, * 
Aug 16-90 ; stone, Springfield, Mass., proposed * May 12, June 
2, Herschel, July 28, ed. Aug 4, * Nov 3-88 ; skew. Mar 20 
-87; stone, Penn. R. Aug 13-87. 

Arcole, failure, Apr 14-88. 

Ashtabula, details of, E. S. Philbrick, Feb 17-77. 

Attock, cantilever, over Indus r., Punjaub, staging for, Jan 10- 
85. 

Blair Crossing, Missouri r.. Neb. Nov 17-83. 

Bow-GIRDERS, E. W. Welker, * Oct 2-80. 

BoYLSTON St., Boston, over B. & A. R. R. * May 25-89. 

Brooklyn (East River) suspen., N. Y., steel cable wire, specs, in 
full, Oct 28-76; Roebling rep. Mar 14, accident of June 14, * 
Aug 22, cost, etc. 22, 29-78; decision. Mar 29, rep. July 12, 
Aug 16, n Nov 22-79; Apr 30, * May 7,-* 28, * June 4, * 11, * 
July 2-30, Aug 6, * 20, 27, steel wire tests, Sep 3, 10, n Oct 15, 
strength of cables, Nov 19, Dec 10, 17-81 ; Jan 14, * 28, Feb 
11, Mar 11, 25, Apr 1, Aug 26, painting, Sep 16, n Nov 18-82; 
R. Hering, Jan 13, Adams; Jan 20, May 26, June 2, accident, 
9, hist. 16-83 ; Mar 29-84 ; travel charts, Jan 31-85 ; rep. 
'85, Jan 16, Nov 13-86 ; problem, June 4-18, improvement, 



BRIDGES, DuVIAUR. 5 

Bridges. Brooklyn. 

25, Nov 5-87; growth of traffic on, * Feb 11, enlaipng ca- 
pac. of, rep. of bd. of experts, and eds., with inset map of 
residence areas, * Mar 17, 24, terminals, rep. Apr 21, the adopt- 
ed plans for, C. C. Martin, Wellington, and eds. * Apr 28, do. 
discussion, Brooklyn Eagle, 28-88 ; terminal plans, * Jan 11, 
Mason, cor. * Mar 8, problem. May 3-90. 

Buffalo Trace viaduct, Ky. Midland R. R. May 25-89. 

BussEY, (Forest Hills, Roslindale, Tin), Bost. & Prov. R., acci- 
dent, Mar 19, 26, Apr 2-87. 

Cabin John Arch, Wash., Meigs, June 25-87. 

Cantilever, Dec 15 ; first, Dec 29-83 ; Jan 5, 19, n, Fanning, 
July 12-84 ; the cantilever principle, n Ju;ne 11-87 ; over Col- 
orado r., Cal. & Ariz. R. * Feb 23-89. See also names of bridges. 

Cape Col. viaduct, Africa, Ende, Jan 24-85. 

Cascade, Sears, cor. Sep 1, Oct 6-88. 

Ceredo, over Ohio r. * May 17-90. 

Cernavoda, over Danube r., Roumania, proposed, * Aug 23-90. 

Charles river, Boston, water-wks., A. Fteley, June 26-80. 

Charlestown, Mass., n Aug 19-82. 

Chaudiere, Ottawa r., Can. * June 11-81. 

Cincinnati So., Cincinnati, O. Nov 24-77. 

Cleveland viaduct, Superior st., inset, B. F. Morse, * Jan 11- 
79 ; central viaduct, * Dec 22-88. 

Columns, pin-ended, tests, T. Cooper, Feb 3-83. 

CONEMAUGH arch, Penn. Cen. R. R. * Mar 29-90. 

CoNESTOGA, Penn. R. R. Oct 22-87. 

Construction, Am., cor. Nov 18-76; rivets, conventional code 
for, Ferris, cor. * Jan 26-89; web stresses with curved chords, 
L. Lindenberger, cor. * Apr 21-88. 

COTEAU, St. Lawrence r. * Apr 12-90. 

Crib, a, Salisbury & Haney Ry. N. B. * June 7-90. 

Designing, Dec 16-76; cor. * Jan 6-77; designs, n Wemnag, 
Aug 15-85 ; a bad des. Mar 26-87. 

Detroit r.. Mar 5-87. 

Dimensioning, new method, Ottewd^,~ May 14, 21, June 11, 
Stowell, Sep 3,19-87. 

Draw, accident, Oakland, Cal. * June 7-90; the Petaluma, * 
Oct 13-88; at Tarento, Italy, * Sep 13-90; Thames r., New 
London, * Aug 16-90. 

DuViaur viaduct, proposed, inset, * Nov 30, 30-89. 



6 BRIDGES, ECONOMIC. 

Bridges. East River, N. Y. See Bridges, Brooklyn. 

Economic span of, Waddell, cor. Feb 1-90 ; economical heigh 
and min. material in various designs, Tutton, * Dec 12-78; 
economy in bridging rivers, Ottewell, * Dec 14-89. 

English Channel, Hersent's proposed, cost, ed. June 9-88; 
inset, Schneider, * Nov 2, 2-89. 

English, some poor, June 18-87. 

Erection, false wks. Mar 24-83. 

Eye-bars, Kloman's proc. and mach. for manuf. * May 17, steel 
or iron, method of rolling, C. MacDonald, * May 24-79. See 
also Roofs. 

Failures, 1886, Apr 30-87. 

Fall River, Winslow, Apr 9-81. 

False Works, novel, * Or. & Cal. R. R. * Oct 13-88. 

First plate girder in Am., Millholland, Bait. & Sus. R. R. * Oct 
20-88. 

Floor beams, unsafe, Jime 25, July 9, 23-87 ; floor, iron and 
ballast, N. Y. C. & H. R. R. * Mar 23-89. 

Flooring, Hobson's, * Dec 28-89. 

Floors, solid iron and ballast, N. Y. C. & H. R. R. * Nov 16, 
23-89. See also Bridges, railway. 

Formulae, compression members, Ottewell, Oct 6-88. 

Forth, n and specs. Jan 17, 17, Sep 25-80; * Dec 3-81 ; B. 
Baker, * Oct 7, 14-82; Ry. and works, Nov 24, Dec 29-83; 
July 12, Sep 20, Nov 1, 8-84; Biggart, Feb 28, Mar 21, April; 
Hutchinson rep. Oct 10, 31, Nov 28-85 1 Aug 28, triangulation 
and measurement of, Middleton, Nov 13, 20-86 ; Fife pier of, 
* Mar 10, F. E. Cooper, * Sep 22-88; * Feb 9; det. of wind 
pressure by model, n Mar 16-89 ; Fife pier, inset, * Jan 25, 
25, testing, Feb 15, notes. Mar 15, final inspection rep. Mar 
29-90. 

Fort Madison, Miss, r., W. W. Curtis, eng'r, * June 2, 9-88. 

Fort Snelling, specs. Sep 26-78. 

Foundations. See also Foundations ; Harbor Engineering. 
Low, new cs^on coffer dam for, * July 30-81 ; the caisson 
disease, Nov 18-82 ; pneu., cost of. Baker, Nov 16-89 ; unusu- 
al, Tenn. r., Cin. So. R. R., Whinery, June 27-78. 

Garabit Viaduct, France, Aug 9, 30-84. 

Glasgow, Mo. Chic. Alton & St. Louis, opening, July 5-79. 

Girder, plate, Becker, Jan 17, do Doran, Feb 28-85 ; design, 
Oct 30-86* 



BRIDGES, INSPECTORS. 7 

Bridges, great, income of a, n Jan 11-79. 

Grovel AND, disaster, Jan 22-81. 

Guard, the Jordan, * Aug 16-90 ; guard rails, Mass. R. Com- 
missioners* circular, Dec 31-87. 

Harlem r., n Oct 30-80 ; proposed, Feb 20, 27, Apr 10, draw. 
Suburb. Rap. Trans. Co., spec, Cooper, July 17-31, Sep 18-86 ; 
Manhattan, caisson, May 28, June 11-87. 

Harrison, overhead. Tor. Grey & Bruce R. R. May 15-86. 

Havre de Grace, Bait. & Ohio R., Md. May 10, caisson air- 
lock, Nov 22; accident to, E. L. Abbott, Nov 29-84; Jan 3, 
caissons, etc., Patton, Feb 7, do. sinking do Apr 11, 25, May 
2-85. 

Hawkesbury river. New So. Wales, Aus. Feb 13, designs for, 
May 8, June 5-86 ; * Feb -86 ; Jan 5, testing, July 20-89. 

Hawk st. viaduct, Albany, N. Y. * Feb 16-89. 

Henderson, Ky. Oct 14-82. 

High, construction, Aug 14-86. See also names of bridges. 

Highway, A. F. Hill, diags. * Mar 11-82; * July 6-89; dan- 
gerous, G. L. Vose, cor. Jan 18, King Iron Br. Co., cor. 25, Feb 
1, 8, J. M. Reno, cor. 15, rep. Mar 22-79; designing, a system 
of, J. A. L. Waddell (full). Mar 25-82 ; designs, J. Owen, cor. 
May 10-90; the bridge of the future. Dibbles, * June 21-90; 
Guilderland, Albany Co., N. Y. (unsafe), C. F. Stowell, cor. * 
Aug 30-90 ; iron viaducts for, Waddell, June 8-89 ; legisla- 
tion, proposed, Breithaupt, cor. Apr 10-90; at Waterford, N. 
Y. * June 1-89 ; at Plainfield, N. J., Boiler, * Feb 17-77 ; stone 
arch at Elyria, O. * June 21-90 ; supervision, proposed sys., 
Stowell, Mar 22, 29-90; wire suspen., of Victor, Cal., etc. * 
Nov 8-90. 

Howe truss, brace panel problem, cor. Aug 30, * Sep 27, * Oct 
18-79; 50 and 68 ft. spans, Can. Pac. R., strain sheets, * May 
24-90; cost of labor in framing and erecting. Mar 24-83; 
Howe, det. of length of strut, D'Armit, cor. * Nov 16, 23-89; 
Or. Pac. K., strain sheets, inset, * Apr 26, 26-90 ; splice, F. C. 
Doran, cor. * Jan 1, Apr 9, E. S. Shaw, 16-81 ; strut problem, 
ed. Dec 14-89. 

Hudson river, tunnel, ed. May 31-90. 

Illinois and St. Louis, July 15-74. 

Indus river, bridging the, Jan 20-83. 

Inspection, N. Y. State, Apr 30-87. 

Inspectors, forms for reps., Buf. Roch. & Pitts. R. May 12-88. 



8 BRIDGES, IOWA. 

Bridges. Iowa City, Irish, June 10, 24-76. 
Iron, care and maintenance of, Blunden, Apr 7, 14-83; and 

combination, comparison, cor. Feb 17-77; erection of, T. 

Seyrig, Jan 8-81 ; factors of safety, O. Chanute, cor. Jan 

31-80 ; large span, design of, T. C. Clarke, * Jan 15, 22, Feb 

5, 12-81. 
Johnstown ribbed arch, Pa. * July 20-89. 
Kentucky river, * Feb 10-77 ; * Jan 22, * Feb 6-81 ; or Tyrone 

cantilever, inset, * Apr 6-90. 
Kingpost truss, wrt. iron shoe for, Cin. N. Or. & Tex. R. R. * 

Apr 6-89. 
KiNZUA viaduct, Sep 9-82 ; 1882, T. C. Clarke, July 5, n Aug 

30-90. 
Lachine, Oct 3, 10-87. 

Lift, Oswego canal, Syracuse, N. Y. Sep 27-84. 
Long, list of, n May 6-82 ; longest in the world, July 5-84 ; 

long span, discuss, of, Lindenthal, * Mar 3, 10, 24-88 ; do and 

North r., N. Y., Lindenthal, Nov 9, 16, 23-89 ; very long span, 

proposed design, Warren, * June 30-88. 
Long Is., proposed, Apr 23-87. 
Louisville, movement in, Baker, Mar 28-85 ; and New Albany, 

T. C. Clarke, Nov 27-86. 
Manhattan, N. Y. * Feb 4, Sep 8-88. See also Brs., Wash. 
Market St., cantilever, Phil., Amweg, Apr 7-88. 
Masonry, in France, raising of a, Picard, Oct 3-78. 
Mauch Chunk suspen., Hildebrand, * Feb 25, Mar 10-88. 
Memorial to Grant, Wash., proposed, Symons, Feb 26-87. 
Merchants, Miss, r., at St. Louis, Mo., inset, * Dec 21, 21-89. 
Minneapolis suspen., T. M. Griffith, * Mar 14-78. 
Miss, r., between St. Paul and St. Louis, G. K. Warren, table, 

bk. n Dec 19-78. 
Missouri r., at Booneville, method of putting in piers for, Sooy 

Smith, Apr 8-76. 
Mobile r., Mo. & Mont. R., Patton, Apr 4-85. 
MoLDAU viaduct, * Apr 19-90. 
MoNONGAHELA r. suspen., Pitts., Lindenthal, July 7-83; May 

2, 24, 31-84 ; Wickersham, May 26-83. 
Montreal, proposed, May 31-90. 
Mt. Creek, Can. Pac. R., W. A. Doane, Sep 26-85. 
Movable, J. Price, Apr 12-79. 
News and notes. See ^«^. JVews files. 



BRIDGES, POINT PLEASANT. 9 

Bridges, New Haven, Derby & Ansonia, Derby, Conn., specs. 
May 17-79. 

New York. See also BRiDGfes, Brooklyn — Manhattan — Wash- 
ington. 
New York City & Northern R. R., wrt. iron deck, A. P. Boiler, 

Dec 13-79. 
New York, L. Erie & West. R. R. specs, (full). May 31-79. 
New York, Prov. & B. R. R., ballast floors, * Mar 1-90. 
Niagara Falls cantilever, Dec 29-83; traveler for Mar 1, May 

17-84; towers replacement, Dec 10-87 ; Schneider design, 

Oct 6-83; the Niagara, hist, n Mar 12-81. 
Norfolk & Western, standard plans, * June 28-88. 
North river suspen., N. Y., proposed, * Jan 14, 14 ; with discuss. 

of long span bridges, Lindenthal, * Jan 28, 28, Feb 4-88 ; July 

20-89. 
Ohio Connecting R. R., floating long spans into place, inset, * 

Sep 20, false works for main spans, * 27-90. 
Ohio river, of C. S. Ry., Cincin., O. * Jan 15-81 ; completion of, 

Jan 12-89. 
Old, allowable strains in, Fowler, cor. Apr 6-89 ; bk. on, T. 

Pope's, 1811, July 17, C. H. Parker, cor. 31-80. 
Omaha, Neb., 16th st. viaduct, June 18-85 ; May 22-86. 
Oriskany, N. Y. C. & H. R. R., inset, * Dec 7-89. 
Passenger ferry, N. Y. L. Erie & W. R. R. * Apr 6, cor 20-89. 
Penn. R. R., frt. car transfer, Jersey City, inset, * Jan 18, 18-90 ; 

Filbert St., Phila., extension, July 2-81. 
Philadelphia, Dec 15-83; Market St., monument, Oct 25-84; 

Oct 16-86 ; Chestnut St., repairs, Jan 3, strengthening, Apr 18- 

85 ; South st., wreck of, Feb 28, D. McN Stauffer, cor. 28-78. 
Piers, construction with metallic tubes, * June 24-82 ; repairing, 

Kan. City, Pearsons, Dec 25-86 ; stability of, * Feb 14-80. 
Pile and trestle, Robinson, Apr 7-88. See also Bridges, rail- 
way. 
Pins, and eye-bars, proportions, Stowell, Mar 31-88 ; sizes and 

bearings, J. A. L. Waddel!, July 9-81 ; fibre strain in, J. B. 

Johnson, * Jan 28, DuBois, cor. Mar 10; strains in. Fowler, cor. 

* 24-88. 
Pitts, and Allegheny suspen., repairing, Nov 17-83. 
Point, across Monongahela river, at Pittsburgh, inset, * July 8- 

76; Apr 14-77. 
Point Pleasant, W. Va., co£Eer-dams, Patton, Mar 14, May 30-85. 



10 BRIDGES, PONTOON. 

Bridges, Pontoon, railway, Lawler, June 80-83. 
Portable, Eiffel system, Apr 24-86. 
Portal bracing, anal, of stresses, Cain, July 13-89. 
PouGHKEEPSiE, over Hudson river, n Feb 26-76 ; Feb 23-84 ; 

Oct 15, 29-87 ; Jan 7-88 ; * Feb 16-89. 
Protector, Locke's rerailing, * Dec 27-90. 
QuERETARO aqueduct, Mex. * June 2-88. 
Railway. See also Bridges, floor and names of bridges. 
American, T. Cooper, * July 6-89. 
Chicago, B. & Northern, * Apr 7, * May 5, June 9-88. 
Chicago, Mil. & St. P. specs. * Jan 18-79. 
Cleveland & Canton frame trestle, * Nov. 2-89. 
Deck, wrt. iron, N. Y. C. & Northern, A. P. Boiler, Dec. 13 

-79. 
Draw-bridge, Chic. Mil. & St. Paul, specs. * Jan 18-79. 
Filbert st., Phila., extension of Penn. R. R. July 2-81. 
Floors, ballast, N. Y. P. & B. * Mar 1-90. See also Bridges, 

floors. 
Guard rails, Mass. Ry. Commissioners' circular, Dec 31-87; 

inside and outside, Dailey, * Jan 28, 28-88. See also 

Bridges, Guard. 
Highest viaduct in world, Loa river, Autof agasta, Ry., Bolivia, 

* May 18-89. 
Iron, New Haven, Derby & Ansonia R. R., Derby, Conn., 

specs. May 17 ; N. Y. L. Erie & W., specs, (full). May 31-79 ; 

girder, table, Jan 29-81. See also names of bridges. 
Kansas C. & Om. wooden trestles, Aug 13-87. 
Load diagram for stresses in asimont, * Mar 10-88 ; panel 

concentrations due to engine loads, P. L. Szlapka, cor. Dec 6 

-90. 
New Haven Derby & Ansonia R. R., Derby, Conn., specs. 

May 17-79. 
New York, L. Erie & W., specs, (full). May 31-79; Starrucca 

viaduct, * Sep 1-88. 
New York, Prov. & B. ballast floors, * Mar 1-90. 
Norfolk & Western standard plans, * June 23-88. 
Penn. R. R., frt. car transfer, Jersey City, inset, * Jan 18, 18 

-90; Filbert st, Phila., extension, July 2-81. 
Strains produced by loaded cars of 90,000 lbs. capac, C. H. 

Blakely, cor. and ed. May 10-90. See also Bridges, strains 

and stresses. 
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Bridges, Railway, trestle. See Trestles. 

Truss, oldest Whipple, Troy, N. Y., Del. & Hudson Canal 
Co. Apr 7-83. See also Bridges, truss. 

Viaducts in world, n Oct 27-83. See also names of bridges. 

Western Union, specs, for, Jan 31, Feb 7-78. 

Wheeling & L. Erie timber trestle, * Dec 7-89. 

Whipple truss, oldest, Troy, N. Y., Del. & Hudson Canal Co. 
Apr 7-83. 
Ravi, Punjab Northern State Ry., R. T. Mallet, Oct 24-78. 
Red river, concrete piers, Purdon, * June 2-88. 
Red Rock cantilever. Col. river. At. & Pac. R. R., foundations, * 

Sep 27 ; J. A. L. Waddell, inset detail sheet, * Oct 4, 4, correc- 
tion, 11-90. 
Riveted girders, A. F. Hall, * Apr 8-82 ; vs. pin connected, 

June 25-87. 
Riveting in, J. A. L. Waddell, cor. Dec 3-82. 
RoKUGO river, Yokohama river, Japan, foundations, Feb 16-84. 
Safe stresses in, Ottewell, diag. * Feb 23-89 ; safety for public 

travel over, bill for. May 26-77. 
St. Charles, disaster, S. H. Yonge, Aug 21-80. 
St. Guistina viaduct. Southern Tyrol, inset, * Feb 1, 1-90. 
St. John's river, N. B., steel cantilever, Aug 9-84 ; Aug 15-85. 
St. Lawrence river, Lachine, Can. Pac. Ry., proposed, specs. Oct 

10-85 ; Shaler Smith, Oct 1-87. 
St. L^ger, Val., viaduct, Paris Belt Ry. * Nov 18-82. 
Sault Ste. Marie, wind strains on, diags. * May 25-89 ; G. H. 

Massy, * Oct 18-90. 
Schuylkill river, Bait. & O. R. R. Feb 6, foundations, Mar 27 

-86. 
Sibley, Chic. S. Fe & Cal. * Feb 18-88. 
Skew portals, Apr 27, Leschorn, cor. * May 18-89. 
SOULEUVRE viaduct, France, piers, * June 28-90. 
South st., Phila., wreck of, Feb 28, D. McN. Stauffer, cor. 28 

-78. 
Specifications and building, German, Aug 6-87. See also 

Bridges, railway. 
Speed registering on. Mar 15-84. 

Starrucca viaduct, N. Y., L. E. & W. R. R. * Sep 1-88. 
Steel, use of steel in construction of, June 21, T. Cooper, Sep 

20, Oct 4-79. 
Stone. See Arches ; Bridges, arch, and names of bridges. 



12 BRIDGES, STRAINS. 

Bridges, Strains and stresses, stresses, cal. n May 7-87 ; 
strains, slide moment diag. for computing, Greiner, Apr 14-88 ; 

* safe tresses in, Ottewell, diag. * Feb 23 ; strains cal. by graphi- 
cal method, Baldwin, diag. * .Sep 28, * Oct 12-89 ; device for 
cal. strains, Howe, Jan 11 ; mechan. comput. of stresses, R. 
Fletcher, * Mar 1, May 10; det. of stresses, Webb, cor. * Apr 
12 ; strains produced by loaded cars of 90,000 lbs. capac, C. H. 
Blakely, cor. and ed. May 10 ; method of cal. strains in Whip- 
ple truss, W. Baldwin (math.), * Aug 30-90. 

Strath Taieri, New Zealand, Hay, July 12-84. 

Stringers, max. bending moment, Bland, Feb 2-84. 

SuKKUR, over Indus river, India, Dec 26-85. 

Superstructure, * June 28-79. 

Support, a temporary, renewing pier of Steubenville bridge, P. 

. C. & St. L. R. R. * July 12-90. 

Suspension, rigid, method of stiffening, Quetil, June 15-74 ; and 
triangular, combined, Thacher, Nov 10-83; early, Sep 10-87. 
See also names of bridges. 

Swing, Rush st., Chicago, Aug 16-84. 

Tardes viaduct, Montbucon Ry., France, wreck of, Sep 20-84. 

Tay viaduct, Scot. Sep 16-76 ; disaster, Jan 3, ed. * 10- *31, cor. 
* Feb 7, * 21, * 28, reports, July 31, n Aug 21-80; new Tay, 
plans for, W. H. Barlow's, Dec 3-81 ; May 12-83 ; Mar 1- 
84 ; Aug 1, Oct 31-85 ; opening, June 25, Aug 6-87. 

Tensas river, M. & M. R. R., Patton, June 20-85. 

Testing machine. See Testing machines. 

Thames river, London, Aug 21-86. 

Thames river. New London, Conn. May 19-88. 

TiDE-water Pipe Co. suspen., Mauch Chunk, Pa. * Feb 25-88. 

Torkham, India, Nov 19-87. 

Tower, London, * July 6-89. 

Trestle. See Trestles. 

Truss. See also Bridges, railway, truss. 
Arch, F. Oilman, Aug 16-90. 

Expired, patents on, hist, of, F. B. Brock, * Oct 28, * Nov 4- 
25, * Dec 2-30-82 ; Jan 6-27, Feb 17, 24, Mar 10, 24, Apr 28, 
May 12, 19, June 16, 23, July 7-28, Aug 4-18, Sep 1-15-83. 
Failures in 1889 and for 11 years, ed. Apr 19, 19-90. 
Trapezoidal, without counters, * May 5-77. 
Whipple, oldest, Troy, N. Y., Del. & Hudson Canal Co. Apr 
7-83. 
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Bridges, Trusses, D. H. Morrison, cor. * Mar 31-77; with 

parallel chords, det. of strains in, R. Fletcher, * Jan 17-78 ; 

mechan. comput. and det. of stresses in, Fletcher, cor. * Mar 1, 

May 10, do Webb, cor. * Apr 12-90. 
Upper East river, N. Y., Blackwell's Is. n Apr 30-81. 
Val St. L^ger viaduct, Paris Belt Ry. * Nov 18-82. 
Vandevanda, Penn. R. R. * Jan 12-89. 
Verrugas viaduct. Buck, * Jan 27-77 ; * July 27-89. 
Viaduct. See names of bridges. 
ViAUR, Du, viaduct, proposed, inset, * Nov 30, 30-89. 
Vibrations in, S. W. Robinson, rep. Dec 30-82. 
Victoria viaduct, Carlisle, England, Oct 20-77. 
Victoria and Montreal, July 12-79. 
Waldlitobel viaduct, Arlberg, Ry. Nov 1-84. 
Washington, over Harlem river, N. Y. city, designs, inset, * 

Dec 27-90. See also Bridges, New York-Manhattan. 
Waterloo, London, foundations. Mar 31-83. 
Weights of, formulae, Mosscrop, Mar 17-88. 
Westport, Conn. Aug 2-84. 
When not a bridge, May 22-86. 
Whipple truss, oldest, Troy, N. Y., Del. & Hudson Canal Co. 

Apr 7-83 ; method of cal. strains in, W. Baldwin (math.), * 

Aug 30-90. 
WiLLEMS, Nieuwe Maas, Rotterdam, accident to a caisson, 

Koning, June ^77. 
Wind pressure on, E. J. Ward, cor. * Aug 20, C. S. Smith, and 

discuss., C. D. Fox, * Oct 1,8, Ward, cor. 8; excess load due to, 

Wm. Cain, cor. 29-81 ; Ward, cor., diags. * Mar 4, C. B. Ben 

der and J. Gaudard, Inst, of C. E. pro. Apr 8, Cain, cor. * May 

13-82. See also Wind pressure. 
Winner, Kansas City, Mo., details, inset, * Mar 15, inset, * July 

19, 19-90. 
WiNOOSKi river, Vt, Barbour, Mar 13-86. 
Wooden trestle, over Huron river, Ann Arbor, Mich., C. E. 

Greene, * Mar 12-81. See also Trestles. 
World's great, and North river, proposed, * Jan 14-88. 
Yazoo river, Tenn., Louis., N. Or. & Tex. R. R. Jan 20, Sept 8- 

83. 
Youghiogheny, McKeesport, Pa., contract and specs. * Feb 18, 

18-82. 



14 BRITISH MUSEUM. 

British Museum, cost of, n Oct 14-76. 

Buenos Ayres pub. works, Mar 29-84 ; notes on, Shunk, Feb 

22-90. 
Builder, the speculative, n Oct 10-78. 

Building. See also Architecture ; Brick ; Cements ; Col- 
umns; Concrete; Engineering; Fire protection; Foun- 
dations; Materials ; Mill floors ; Plaster; Plumbing; 
Roofs; Sanitary eng.; Shops; Timber; Wood, etc. 

Building brick, standard, Switz., Fayod, Dec 15-83 ; do of 
glass sand, Nov 29-84 ; brick-work, Rankine, May 16, 16-85. 

Columns, formulas for strength, T. H. Johnson, Dec 22-88. 

Construction in earthquake countries, MUne, Apr 3-86. 

Cork as a material, Wagner, Oct 4-84. 

Dangerous, Gamble, Sep 26-85. 

Easements, law of, n June 14-79. 

Efflorescence and impervious mortar, Baker, Apr 7-88. 

Flooring, steel, Lindsay, Nov 26-87. 

Floors, brick masonry beton, resistance expts. July 12-84; 
fire-proof plaster bds., H. D. Bush, cor. May 10-90 ; fire-proof 
construction, * Nov 9-89 ; do Haesecke, * Apr 12-90 ; do 
cost, etc. * Apr 19-90 ; the Schneider fire-proof, * Feb 8-90. 

Foundations, new, under Columbia Elevator, Prov., R. I., 
Hawks, * Feb 25-88 ; for columns. Inter-state Rap. Tran. Ry. 
* Apr 21-88. 

Materials. See Cements and mortars ; Concrete, etc. 

Stones, wts, spec, grav., absorption and heat withstanding power 
of, H. A. Cutting, table, Nov 27-80; strength of Dec 3-81 ; 
use of, Gowans, Mar 24, decay of, Dec 15-83 ; do of Chicago, 
Jenny, Jan 5-84. See also Stone. 

Trades, condition of (prices for labor), July 23-81. 

Undermined ground, building on, F. Heinzerling, Sep 6-79. 
Buildings. See also Hospital; Machine shops; Railway 
stations-shops, etc. 

Action of air and water on, D. Smith, May 30-78. 

Brickwork of, saltpetre exudation upon, Nov 15-84. 

Brighton beach hotel, Coney Is., moving of, April 7-88. 

Celebrated, cost of, n Sep 10-81. ' 

Church of Sacred Heart, Montmartre, Paris, foundations. May 
9-85. 

County court house, Cook co., N. Y., measurement of work on, 
Dec 8-77. 
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Buildings, Dome, a large wooden, Bu£Ealo church, Temple Beth 
Zion,* June 28-90; St. Peters, Rome, hooping of, May 16-85, 

Farm, concrete for. May 31-84. 

Field, N. Y. Sep 23-82. 

Fulton market, N. Y. city, new building, Nov 19-81. 

High, in cities, ed. Jan 19-89. 

Houses, damp, July 14-77. See also House; Sanitary eng. 

Monmouth Park Assoc, N. J., grand stand, * Jan 18, inset. Mar 
29, 29-90. 

New York Mut. Life, hoisting and heating plant, Aug 2-84. 
Post Office, fall of a portion of roof, Mar 12, 19-77. 

Palace of Chapultepec, Mex., grand stairway, * May 11-89. 

Paris opera house, new, foundations of, Baude, n July 22-76. 

Ponce de Leon hotel, Fla., concrete construction, * Mar 16-89. 

Public, cost of. May 3-79 ; means of egress, July 14-83 ; list 
of, Aug 1-85. 

Raising and moving in Am. Feb 9-84. 

Roofs, concrete, Payne, May 2-85. See also Roofs. 

St. Augustine, Fla., concrete construction. Ponce de Leon, etc. 
* Mar 16 -89. 

St. Peters, Rome, hooping of dome. May 16-85. 

Strength of, W. L. Jenney, May 26-77. 

Winnebago County Court-house, fall of, May 19-77. 
Cable railways. See Railways, cable. 

Cables, hoisting. Mar 5-87. See also Ropes; Wire Ropes. 
Calculating instrument or cyl. slide rule, Thacher, Dec 18-86. 
Caloric. See Air engines ; Heat ; Hot air engines. 
Campbell, John C, re-instatement of, Oct 23-80. 
Camp stove, * Nov 1-90. 
Canada. See also Railways, Can. Pac. Eng. works, Keefer, 

Pres. Can. Soc. C. E. Jan 26-89. 

Manitoba, province of, Jan 5-89. 

Public works, rep. Mar 21, 28-78. 

Trade, Dec 4-86. 

U. S. and, pop., growth, 1790 to 1880, Apr 27-89. 

WATER-works of, ed. and diag. * Apr 27, 27, May 4-89. 
Canals. See also Dams ; Irrigation. 

Amsterdam, movable scaffolding for laying beton blocks, * Oct 
1-81. 

Baltic and North sea. Mar 13, Sep 25-86. 

Belgium, nav. in, Gobert, Mar 3-83. 



16 CANALS, BIRMINGHAM. 

Canals, BirmijCgham & Liverpool ship, proposed, n Oct 25-90. 
Boise river, Idaho, * Apr 26-90, 
Brussels ship, Dec 18-86. 
Builder, De Lesseps, June 6-85. 
Cable towing on, * May 28, correction, June 4-81. 
Cape Cod, Feb 7-78; Sep 25, n Oct 23-80. 
Chesapeake & Delaware ship, rep. Mar 22-79. 
Chicago, to Miss, river at Rock Is., proposed water route, Aug 

5, F. M. Harris, Sep 9, to Atlan. ports water routes, table, Aug 

12-76. 
Colorado irrigation, rep. Dec 25-86. 
Corinth, Specht, June 7-84. See also Canals, Dolores. 
Darien, isthmus of, reported low pass, Aug 26-76. 
Dolores, CoL, head gates and boom, inset, * Jan 4-90. 
Elbe River, chain towing on. Mar 21-78. 
English system, Aug 16-90. 
Erie, June 30-77 ; Jan 3, 10-78; enlargement, C. A. Sweet, cor. 

July 5-79; Sep 24-81 ; Mar 13, Mar 22-86. 
Forth and Clyde, ship, Dec 14-89. 

French, Sep 35-80 ; cost of motive power on, n June 14-90. 
Grand, du Midi, Manier's, n July 8, n Aug 5-76. 
Harlem river, ship, Aug 13-87. 
Hennepin and Erie, Mar 13-86. 
Illinois, northern, May 1-86. 
International Congress on inland nav., pro. Aug 30, Sep 6 

-90. 
Interoceanic, projects, Menocal, Jan 3, 10-80 ; in Congress, 

Mar 6, W. W. Evans, discuss. Apr 3, 10-80. 
Irrigating of Col., rep. Dec 25-86. See also Canals, Jur- 

apa — Merced. 
Isthmus of Darien, r^orted low pass, Aug 26-76. 
Jordan, proposed, Gordon, Nov 3-83. 
JuRAPA irrig., F. C. Finkle, * May 17-90. 
Lachine, Can. Oct 1-81. 

Lakes Superior and Mich., proposed, maps, * Mar 22-90. 
Lifts, hydr., W. R. Hutton, May 17 ; bridge, Penn., Searles, May 

31-84 ; lifts on, Harcourt, Aug 4-88. 
Liverpool and Birmingham ship, proposed, n Oct 2.5-90. 
Malimondich, n Sep 9-82. 

Manchester & Corinth, ship, June 30, July 28, Aug 4, * Sep 29 
-88 ; profile, * Jan 11-90. 
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Canals, Merced irrig. Feb 4-88. 

Mich, and Superior lakes, proposed, maps, * Mar 22-90. 

Midi du, Grand, Manier's, n July 8, n Aug 5-76. 

New York state, rep. Pub. works, Jan 21-82 ; and West Shore 
R. R. Dec 22-83. 

Niagara ship, proposed, * May 10-90. 

Nicaragua ship, commission, rep. Jan 6-77 ; May 15-86 ; sur- 
veys, June 16, ed. and n 30, Menocal, * July 7, 14, and ed. 14; 
Peary and Hueston, Aug 18, 18-88 ; map and inset, * Sep 14, 
14-89. 

Northern 111. May 1-86. 

North Sea, opening of, Nov 25-76; and Baltic, Sep 25-86. 

Palestine, H. J. Martin, Aug 11, Oct 6-83. 

PANAMA interoceanic ship, E. A. Fuertes, cor. Aug 2, 9, and 
Am. Soc. C. E., ed. 2:5, (proposed tunnel), map, C. A. Sweet, 
cor. * Sep 16, inter-oceanic transit, and cor. 27, 27, S. F. Shel- 
boume, cor. Oct 4, * 25, and Ry., G. M. Totten, Nov 22, dis- 
cuss. Dec 6, 13, 20-79; isthmus transit, G. W. Pearsons, cor. 

* Jan 31, Feb 7, Hayes' message, Mar l.S, 13, 20, Dec 11-80; 
Jan 1, July 2, Oct 1-81 ; ed. July 1-82 ; works, Jan 6, maps, 
Aug 4, 11, Culebra or great cut, * Dec 8-83; marine dredge 
at Colon, * Apr 5 ; May 3, Aug 16-84 ; Aug 8, 22, Nov 21-85 ; 
Apr 3, rep., May 22, n Aug 14, Jameson, Sep 25-86; July 30, 
Aug 13, Nov 10-87; locks, proposed, * Feb 11, * Mar 10, 
actual status, ed., profiles, etc. * June 2, 2, water supply of, 16, 
what the Slaven dredges are doing, N. Appleton, cor. 16 ; actual 
status. Snow, great Culebra cut, * 16, ed. 16, recent trip over, 
Lockett, 23, and Nicaragua, ed. July 14, prog., cor. 28 ; Aug 11, 
de Lesseps rep., ed. 18; plant and mach., W. P. Williams, * 18, 

* 25 ; finan. status, ed. Dec 8-88 ; cost, etc. Oct 19-89. 
Rotterdam, Aug 28-86. 

Russian ship, n Sep 4-86. 

St. Petersburg to Cronstadt, Dec 1-83. 

Sault Ste. Marie, Jan 4, traffic for nine seasons, n Mar 1-90. 

Ship, in 1889, Aug 3, 10-89. See also names of canals. 

Sluices, automatic. Mar 13-86. 

Steam towage on, cost, n Aug 15-74 ; steam traction on, new 

method, Sooy Smith, Nov 18-76. 
Suez, July 15, 15, and Port Said, 29-82 ; June 23-83 ; Specht, 

Sep 26-85 ; and Nicaragua, May 15-86 ; ships passed through, 

n Apr 28, n June 9-88 ; rep. July 6-89. 
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CanalSy Superior and Mich, lakes, proposed, maps, * Mar 22-90. 

U. S., possibilities for inland nav. Oct. 31-78. 
Car. See Railway Car. 

Cements and mortars. See also Brickwork; Concrete; 
Foundations. 

Am. Portland, June 21-79, Mar 5-81. 

Bags vs. barrels for, May 21, 28-87. 

Concrete and, B. R. Green, Feb 24, Mar 3, 10, 17-77 ; cost of, 
E. Low, Jan 24-85 ; and mortars, qualities, Feb 6-86. See 
also Concrete. 

Crushing strength of, I. O. Baker, June 23-88. 

Dynamometer for testing portland, new, * July 16-81. 

German, Jan 29-87. 

Hardening, PerrodU, Nov 29-84. 

Hydraulic, June 25-87. 

Machine, Bohme, Mar 26, Brendlinger, May 15-86; imp. in 
clips for, * Dec 20-90. 

Magnesia, effect of, June 4, maniif. 18-87. 

Manufacture, portland, H. Y. D. Scott, June 19-80; rosen- 
dale, Ulster Co., N. Y. Sep 15-83 ; magnesia, effect of, June 
4, 18-87; at harbor wks., Calais, Guillain, Sep 3-87; slag- 
cement, Grosclaude, Dec 7-89. 

Mortars, Sep 12-85; and concretes, qualities, Feb 6-86; 
econ. in composition of, I. O. Baker, * Mar 10-88 ; permea- 
bility of, Haupt, notes, Engr's Club of Phil., pro. Apr 6-89 ; 
effect of adding saccharine matters to, Crompton, Jan 1-87; 
does salt water increase strength of, tests, Dec 20-90. 

New, a, May 29-80. 

Porte de France, portland, Nov 7-85. 

Portland, Am. June 21-79; Mar 5-81 ; manuf., Scott, June 
19-80 ; new dyn. for testing, * July 16-81 ; mixtures, Dec 15 
-83 ; adulterations, Fresenius, Apr 4, Porte de France, Nov 
7, Smedt rep. Dec 5, 19-85 ; Austrian, testing, Aug 10-89. 

Rosendale, manuf., Ulster county, N. Y. Sep 15-83. 

Sand and, effect of, July 11-85. 

Slag, Ransome, Feb 21-85 ; from blast furnace slag, June 25 
-87; manuf., Grosclaude, Dec 7-89. 

Stone, and crushing strength, I. O. Baker, June 23-88. 

Strength, portland. May 19-83; effect of sand on, July 11 
-85 ; and stone, crushing strength, I. O. Baker, June 23-88. 
See also Cements, testing. 
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Cements, Sugar, effect of, H. Porten Dec 24-87. 

Testing and tests, G. Burnet, Jr. Mar 8, 15-79 ; portland, Scott, 
June 19-80 ; new dyn. for portland, * June 16-81 ; Faija, Apr 
21, May 12, Mann, 19, portland, strength, 19-83 ; Boston drain- 
age wks., E. C. Clarke, July 4, rep. Dec 19, 26-85 ; chemical, 
Jan 30, Feb 13; testing, May 1; machine, Bohme, Mar 26, Brend- 
iinger. May 15-86; Austrian, portland, Aug 10-89 ; imp. in 
clips for, * Dec 20 ; does salt water increase strength of, tests. 
20-90. 
Chains without welding, Apr 2 ; use and care of, S. H. Adams, 
Aug 6-87. 

Cables, strength, Feb 8, tests. May 3, 10, 31-79. 

Crane, expts. with, C. S. Dutton, * May 17-90. 
Chattanooga, Tenn. June 13-78. 
Chemistry, poisons, antidotes for, chemicals used in manufs. Dec 

11-86. 
Chesbrough, EJis S., resignation, May 17-79; por. * Aug 21 

-86. 
Chicago, 111., Dept. of Pub. Works rep. July 15-75 ; first rep. 
Dec 1-77 ; Oct 20-83 ; rep. May 30-85. 

Growth, business, n June 30-88 ; prog, n May 3; n July 19-90. 

Street nimibering plan, proposed, Nov 16-89. See also Exg., 
MuNic, Chicago; Paving, Sewers; WATER-works. 

Surveying, city, after great fire of 1871, * Nov 10-77. 
Chili, notes, ed. Dec 1-88. 
Chimneys. See also Wind, pressure on chimneys. 

Area, empirical formula for, diag. * Dec 7-89. 

Clark Thread Works, Kearny, N. J., 335 ft. Nov 10-88. 

Climber, Aug 28-86. 

Construction, H. F. Mills, Mar 15, Bancroft, Mar 29, June 21 ; 
July 19-84 ; July 11-85. 

Creusot, France, 279 ft. wrt. iron, novel, n May 10-90. 

Draft, dimens. Oct 2, 9-86. 

Halsbrucke, Saxony, 453 ft. n Mar 15-90. 

High, Bancroft, June 13, Aug 22, Sep 12, Oct 31, Nov 14, Dec 
26-85; 335 ft., Clark Thread wks., Kearny, N. J. Nov 10 
-88; 453 ft. at Halsbrucke, Saxony, n Mar 15; 279 ft. wrt. 
iron, novel, Creusot, France, n May 10-90. See also Chim- 
neys, St Rollox. 

Leveling, Wilber, Aug 9-84. 

N. Y. Steam Co. July 18-85. 
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Chimneys, Pacific and Merrimac mills, Lawrence, Mass., H. 
F. Mills, July 18-85. 
St. RoUox, Glasgow, Bancroft, July 25-86. 
Sizes, Kent, Dec 27-84. 

Unusual, Nashville water-wks., Tenn., Willett, Apr 15-76. 
Wrought iron, novel, Creusot, France, 279 ft. n May 10-90. 
Cliina, coal in. May 15-80. 
Engineering prog, in, Aug 26-82 ; enterprises, Aug 6, Sep 17 

-87. 
Railways. See Railways, China. 
Weights and measures, Sep 29-83. 
Cincinnati, O., Bd. of Pub. Works rep. July 7-83. See also 

Eng., Munic, Cincin.; Paving; Sewers, WATER-works, 
Circle dividing instruments, * Apr 21-77. 
Cities. See also names of Cities. 
American, growth of eight large, Dec 3-81 ; and English, pop. 

and debt, Jan 10-85 ; pop. growth, Jan 15-87. 
Great, the hygiene of, J. M. Gregory, Jan 10-80. 
Municipal pub. works, Appleton, July 2-87. See also Eng., 

Municipal. 
Taxes, U. S. June 1-89 ; revenues from companies performing 

public functions, ed. Sep 20-90. 
Traffic growth, Oct 15-87. See also Railways, Elevated- 
Street. 
City engineers. See Engineers, city. 
Civil engineering. See Engineering, Civil. 
Clay, varieties and qualities for puddle. Gallon, Dec 1-88. 
Cleveland, O. Nov 17-77. See also Eng., Munic; Paving; 
Sewers; WATER-works. 
Street traffic, tonnage, Torrey, July 28-88. 
Clocks, water, June 30-83 ; time measuring, hist. Apr 4-85. 
Coal, world's production of. Swank, Feb 8-90. 
American coals, 'calorific value, Oct 16-80. 
Anthracite (fuel) and its exhaustion, P. W. Sheaf er, Dec 17 

-81. 
China, in. May 15-86. 
Dust fuel, Apr 7-83. 

Mine pits, Dortmund, Tomson, Nov 5 ; mine shaft, Denver Ry. 
Dec 3-87; spontaneous combustion in mines, Durand, Mar 8 
-84. 
Mining, Nova Scotia, ed. Dec 15-88. 
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Goal, Production, Saward, Apr -74. , 
Spontaneous combustioix in Mines, Durand, Mar 8-84. 
Stocking, Dodge, Dec 17-87. 
Washing, in 111., Meier, July 15-76. 

Cocks, asbestos, Nov 28-85. 

Coins, value of foreign, Jan 31-85 ; Feb 16, 23-89. 

Columns, strength of, formulas for, against buckling, F. Melber, 
cor. Oct 29; long, Gordon's formula, note on, W. H. Burr,* July 
30, and Phoenix, G. A. Just, cor. Sep 17-81 ; irreg. shape, find- 
ings trength of, n Cleemann, May 6-76 ; formula, T. H. Johnson, 
cor. Apr 14, 21-77; F. E. Kidder, Jan 17-80; wrt. iron, G. 
Bouscaren, Mar 12-81; rad. of gyration. Mar 4; center of 
gyration, cor. 18, rad., A. J. DuBois, cor. Apr 1, 29-82 ; wrt. 
iron and struts. Keystone, tests of, Jan 22, * 29-81. 

Compass, the Magnaghi floating, Aug 12 ; new meridian finder, 

* June 3-82. 

Compressed air. See Air, compressed ; Rys., st, comp. air. 

Concrete beton, tensile strength of, tests. May 17-9^ ; vs. brick- 
work, Jan 2-86 ; cost of, E. Low, Jan 24-85 ; mortars and, 
qualities, Feb 6-86. See also Cements. 
Mixer, Sooysmith, Dec 6-84 ; Mar 5-87 ; Carlin's, * July 5 
-90. 

Construction Co., a Venetian, n July 1-82. 

Contract specifications, Jan 11-79. 

Contractor's plant, A. Clark, July 1, 8-76. 

Cook, George H., state geologist of N. J. Oct 5-89. 

Copper. See Metals, copper. 

Copying proc. (for letters, etc.), n Aug 30-79. See also Draw- 
ings, reproduction. 

Cranes and derricks, boom derrick, Jan 15, 20, 30-ft. hand der- 
rick, Appleton, Mar 10-83 ; 20-ton block setter, India, May 15 
-86 ; 100-ton floating Atlas, Jan 15-87 ; floating, cals. for 
constructing, * Nov 5-81 ; Weston's pat. jib, July 26-79. 

Crank, a suggested new form of, C. Palmer, cor. * Sep 6-90. 

Cryptograpliy, Sept 11, Oct 2-86. 

Culvert, box, max. spans of, July 25-85 ; Harlem arch, * Apr 
26-90 ; a reverse curve instead of a skew arch, B. R. Morton, 

* Dec 17-81. See also Railway culverts; Sewers. 
Current meter. See River current meter. 
Cyphers, cryptography, Beaufort sys. Sep 11, Oct 2-86. 
Dakota names, Sep 22-83. 
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Dams. See also Canals ; Earthwork ; Harbor eng ; Riv- 
ers ; WATER-works reservoirs. 

Dams or high walls to resist the pressure of water, Francis, May 
19 ; an error of theory, ed. * Nov 17-88. 

Arch, a very bold, Northficld, Vt. * Sep 20-90. 

Athens, Ga., Ledlie, * May 5-88. 

Bear Valley and Sweet Water, Cal., Schuyler, * Apr 7, F. E. 
Brown (Redlands, Cal.), * June 23-88 ; Nov 23, 30-89. 

Boire river, * Apr 26-90. 

Carillon, Que., Ottawa river and canal. Bell, Mar 17-83. 

Castlewood, Denver Water Storage Co. * Mar 22-90. 

Ch ACRES, July 30-87. 

Citizens' Water Co., Denver, Col., large, n Sep 20-90. 

Construction, defective, Jiuie 6-85. 

Croton, Convent ave. gate*h., N. Y. aqued. * Sep 1, 15-88 ; in- 
set * Nov 15, 15-90. 

Curved, vs. straight. Bell, Mar 31, cor. Dec 29-88 ; strains in, I. 
P. Chiu*ch, cor, * Dec 1-88 ; cor. Aug 16, masonry, strains in, 
H. M. Martin, cor. Sep 27-90. 

Davis Is., Ohio river, Martin, May 15-86. 

Dubious, New Brunswick water-wks.. Hill, cor. * June 16-88. 

Earthern, how to build, * Nov 17-88. 

East Lee, Mass., Mud Pond, May 8-86. 

Economical and safe, Leffel, * Nov 5-81. 

English, Sierra Co., Cal., destroyed, * July 6-89. 

GiLEPPE river, Verners, Belgium, Grugnola, Dec 25-86. 

Great, of world, inset, * Jan 7, 7-88. 

High masonry, theory of, Chiu*ch, rep. * Jan 14-88. 

Holland pub. wks., use of fascines in, T. C. Watson, June 23, 
30-77. 

HoLYOKE, Mass., Whiting St. * Sep 6-90. 

Ingersoll, Ont., broken, Apr 9-87. 

Kanawha river, Nov 20-86. 

Masonry, Croton river, construction of a, Croes, * Apr 8-22 
-76; high, Fteley, Feb 4, 11, det. of profile, Morley, * Aug 11 
88. 

Mill, construction, Leftell, bk. n * Aug 15-74. 

Mittersheim reservoir, siphon weir of, Mar 14-85. 

Montreal flood dykes, Oct 1-^7. 

Movable, June 2-77 ; Merrill, Mar 28-78. 

Mud Pond, E. Lee, Mass. May 8-86. 



DISASTERS. 28 

Dams, New Brunswick, proposed, * June 23-88. 
Nile barrage, Sep 27-90. 
Pawtucket water-wks., R. I. * June 1-89. 
Quaker bridge, 'Croton aqued., N. Y. water supply, specs. Apr 
23-84 ; Dec 5-85 ; and reservoir, rep. Feb 20, 27-80 ; Feb 
19, Mar 5, Dec 24-87 ; * Feb 4, table, 11 ; design of, ed. 25, 
Marichal, cor. Mar 10; rep., inset and ed. * Nov 3, 3-88; A. 
Fteley, Oct 11-90. 
Retaining, Wetzmann, Grueber, June 5-86. 
Reservoirs, and Conn, law, ed. Aug 24-89 ; Apr 12-90 ; and 
embankments for water-wks., inset, * June 21-90 ; European, 
Kresnik, Mar 15; measures for safety of, P. Kresnik, May 10 
-90 ; rock fill, ed. July 28, Aug 11, and Schuyler, cor. Sep 22 
-88. 
Rock fill, across Pecos river, N. M. * May 17-90. See also 

Dams, reservoir. 
San Mateo, * Mar 2-89. 
Sluice gates, * Nov 24-88. 

Sodom, N. Y. Croton aqued. supply, n * Dec 1- 88; Oct 25-90. 
South Fork and Johnstown disaster, * June 15-89. 
St afford viLLE, loss of, Apr 7-77. 

State supervision of dams and reservoirs, ed. Aug 24, 24-89. 
Strains in, Flagg, cor. * Dec 8 ; curved, Church, * 22-88. 
Sweetwater, Schuyler, * Oct 27-88. 
Timber structures for controlling water, H. C. Herron, * Apr 10 

-80. 
Vyrnwy, Liverpool water-wks. Jan 30, reports, June 19-80 ; * 

Dec 29-88. 
Walnut Grove, Ariz. Sep 22, * Oct 20, Nov 3-88 ; * Mar 8-90. 
WATER-works, of U. S., list, June 15-89. See also Water- 

works, reservoirs. 
Worcester, Mass., water-wks., failure of, ed. Apr 8-76. 
Darwin, Charles R. Apr 22-82. 
Debts, county, of U. S., diag. * Sep 6-90. 
Definitions of scientific terms, C. Draper, Feb 7-80. 
De Lesseps, Ferdinand, Aug 2-79; in N. Y. Feb 28-80. 
Delta metal. See Metals, delta. 
Derricks. See Cranes and derricks. 
Detroit, Mich. Nov 3-77. 

Disasters, in Aug., ed. Sep 8-88; great, earthquakes, floods, 
etc., ed. July 6-89. 
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Discoveries, subversive, Lockyer's, Crooke's, Jan 4-79; recent 

scientific, Aug 19 ; and inventions, first used, list, Dec 30-82. 
Distance measuring, a pocket telemeter, Gaumet's, * Mar 25 

-70. See also Surveying. 
Dividing engine, 40,000 lines to the inch, Rowland, Feb 18 

-88. 
Diving, improved appliances for working under water or in irres- 

pirable gases, W. A. Gorman, June 3-82. 
Docks. See Harbor engineering. 

Dovetails, holding power of, O. M. Poe,rep. * Dec 20-90. 
Drainage, of Berlin, Mille, Nov 25-70. 
Boston, Jan 16; Mystic river valley, rep. Jan 23-86. 
Calumet marshes, artif., F. W. Clarke, Feb 10-77. 
Canals, 111. Feb 20-86. 
Charleston, S. C, tidal, Oct 25-00. 
FuciNO lake, Italy, Durand-Claye, July 25, Aug 1-15-78. 
House drains, Coney Is. Sep 19, Oct 3-85; ordinary, Norwich, 

Conn. Aug 15-85 ; and ventil., DeVinne Press, Mar 6-86. 
III. Dec 19-85; Feb 20, Oct 30-86. 
Mexico, City of, Nov 6-86; July 16-87; Apr 5, 12-90; Val- 

ley of, Garay, July 7-83 ; July 16-87 ; map * Aug 10-89. 
Montreal main, May 26-77. 
Mystic river valley, Boston, rep. Jan 23-86. 
New Orleans and topog., T. S. Hardee, map, * May 5, 12-77. 
Ordinary drains, Norwich, Conn. Aug 15-85. 
Prairie, Messer, Mar 28, Apr 4, 11-78. 
Tables, G. H. Johnson, May 5, 12-88. 
Tidal, Herschel, May 27-76. 

Tile and open ditch drains, capac. of, I. O. Baker, Sep 4-86. 
Drawing board, a vertical, Vorth's, Apr 7-88 ; draughting ta- 
bles of city engineer's office, Prov., R. I. * May 1-80. 
Drawings, colors, conventional, Haupt, July 5-84. 
Copying, Tilhet's meth., n June 3-82. See also Drawings, 

reproduction. 
India ink, Apr 5-84. 

Keeping, new meth. of, C, T. Porter, Nov 26-81 ; Aug 4-83. 
Machine, topog. Aug 22-85. 
Maps, photo-copying, Min. of Pub. Wks., France, June 28-84 ; 

reduction, photographic, Apr 2-87. 
Pantagraph, Gieseler, Nov 26-87. 
Plans, scales of, June 14-79. 
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Drawingfs, Preservation, meth. of keeping, Porter, Nov 26 
-81 ; sys., O. Smith, Aug 4-83. 

Reproduction of, blue print proc, P. Barnes, Oct 17-78 ; Nov 
11-82 ; May 5-83 ; and black proc. Aug 9, 30-84 ; on white 
ground, Shancross, Haig, Nov 28-85; heliography or actinic 
copying, Thwaite, Nov 27 ; black proc. Dec 25-80 ; board and 
blue print frame, Feb 19-87; blue proc. formula, June 16 i 
apparatus, Ingoldsby, * Aug 11 ; pneu. frame, * Dec 15-88 ; 
chromolithography, Jan 29-70 ; (electrotype proc), Dec 11-80. 

Ruler, adjust, curve, Mar 28-85. 

SECTiON-liner and scale divider, Both's, * Oct 12-89 ; standard 
section lining. Van Vleck, Dec 31-87. 

So. West, Ga., Fort, Nov 1-84. 

T square, E. L. Deane's adjustable, n * Sep 13-90. 
Dredgring and dredges. May 27-70 ; Bruce, Jan 24-85 ; Robin- 
son, Dec 4-80; appliances, Webster, July 16, 23-87. See 
also Excavating. 

Atlas dredge, Jan 31-85. 

Bucket, Both, Aug 2-84. 

Coney Is., N. Y. Dec 6-84. 

Dumping scow, Barney, Mar 20-80. 

English, cost of. May 11-89. 

Excavators. See Excavators. 

Flood Rock, Mar 20, June 19-80. 

French suction dredge, Vemandon, * Nov 10-88. 

German stone, * Aug 16-90. 

Grapple, self penetrating, Feb 19-87. 

Hall's apparatus, * Dec 18-80; vs. Osgood, * Mar 5; ap. for 
landing material, * June 4-81. 

Hercules, Pan. canal, Feb 3-88. 

Hydraulic, Newton's, Apr 22, Nov 11-70 ; Feb 14-78. 

Largest in the world, n Sep 24-81. 

LoBNiTZ rock, * Jan 26, work of, * Oct 19-89. 

Machines, * May 10-79; Atlas, Jan 31-85; Hall's, Mar 5 
-81 ; Hercules, Feb 3-83 ; marine, Apr 5-84. 

Newton's hydraulic, Apr 22, Nov 11-70 ; Feb 14-78. 

Panama, and excavs., n Jan 14-82; Hercules dredge, Feb 3 
-83 ; marine, Apr 5-84 ; canal plant, * Aug 18, * 25-88. 

Shaft sinking apparatus. Mar 6-80. 

Suspended, Hall, Aug 2-84. 

Tees, on the, Fowler, Apr 5-84. 
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Drilling machines, German, * Oct 22-81. 

Drills, two primitive, * July 15-82. 

Dulutli, commerce of, Mar 22-90. 

Dust explosions, Nov 7-85. 

Dynagraph, ed. Jan 22-70 ; P. H. Dudley's, * May 15-80. 

Dynamics, a question of, E. P. Dewey, ed. * June 23-88. 

Dynamometer, aut. absorption, G. L. Alden, * June 28-90. 

Eads, James B., por. * Apr 6-87. 

Earth, age. Proctor, n Aug 30-84; earth's crust, percentage 
composition of, F. W. Clark, n June 28-90 ; density, Aug 15 
-75 ; Sep 10-87 ; figure of the, Feb 24-83 ; frozen soil, great- 
est depth of, n Mar -75 ; model of, at Paris exhib. July 13-89 ; 
slipped, consolidating, various methods of, Conroy, rep. Sep 22, 
29, Oct 6, 13-77 ; temp., mean, of world, Nov 22-84 ; under- 
ground temps. Dec 19-85. 

Earthquakes, theory of, Falb, July 14, 21-88. 

Earth-work. See also Dams ; Foundations ; Harbor eng. ; 
Railroad embankments ; Tunneling; WATER-works, reser- 
voirs. 
Calculations, formula, n Sep 17-81 ; rapid cal. of, methods, 
* Sep 30, V. Weber, diag., cor. **Dec 9, table of Shunk's aver- 
age hts. * 9, E. Thrange, cor. * 16-82; computation, J. B. 
Davis, cor. June 26-80 ; Wellington, cor. July 3, correction, 10, 
17, ed. 31 ; Wm. Cain, cor. Aug 7-80 ; A. M. Wellington, cor. 
Jan 29-81 ; comput. from diagrams, Sep 3-87; end area, ed. 
Nov 9-89. 
Consolidation of, Gaudard, Aug 15, inset, * Sep 15, Oct 15 

-75. 
Measurements, difficult, R. S. Mowry, cor. * Nov 11, J. C. 

Isaaci, cor. * Dec 2, R. S. Henry, cor. 16-82. 
Shrinkage, expts., May 1, 8-86 ; of clayey soils, Apr 2-87. 
Slips, E. Parry, Sep 24, W. G. Laws, * Oct 8-81. 
Slopes, Mar 14-28, Apr 11-25, May 9, 16-85. 

Ebullition, researches on, Gernez, June 24-70. 

Education, of Am. engineers, Haupt, Dec 5, 12-78 ; elementary, 
M. Merriman, July 19-79 ; R. L. Harris, cor. and ed. Nov 25, 
25-82 ; in civil engineering, Waddell, Jan 8, 15, discuss. 22, 
Feb 5, 19-87 ; civil service exams., N. Y. munic. Jan 10, 24 
-86 ; Aug 7; French eng. school, L'ecole des Ponts et Chausses* 
Aug 14-86 ; tech., Stevens Inst, of Tech., description of build- 
ings, * Feb 15-75 ; Imperial School of Moscow, Nov 18-76. 
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Eg3rpt and Greece, ed. notes, Aug 23, 30-»O ; land reclamation 

in, May 12-88 ; war in, map, * Aug 12-82. 
Electric accumulators, batteries. See Electric storage bats. 

Copper manuf., F. E. and A. S. Elmore pats. Oct 18-90. 
Currents, Feb 10-83 ; induction between wires, Dec 18-86. 
Dynamos, machines for producing elec. lights, ed. Jan 25-79; 
dynamic generators, Sep 3-81 ; and lighting ap. maniif., 
Thomson-Houston wks., Lynn, Mass. * June 30, July 7, 14-88. 
Engine magnetic recip., C. J. Van Depoele, Oct 4-90. 
Excavator, (motor), Osgood Dredge Co., n * Sep 20-90. 
Heater, the Burton, defence of, W. L. Burton, cor. Aug 23-90. 
Lamp posts, Berlin, * June 16-88. 
Launches, Aug 23-90. 
Light car, Penn. R. R., inset, * Aug 23-90. 
Lighting, improved illumination, June 21-79 ; notes, June 23-83. 
Arc, the JablochkofF candle, n Sep 22, prices, Dec 22-77; 

Heinrich's, Feb 13-86. 
Artesian well plant, * Sep 29-88. 
Brush system, Oct 15-81. 
Candle power, L. Kingman, cor. June 28-90. 
Companies, Feb 14-83. 
Cost of, various cities, n, Oct 5, 12-89, Jan 25 ; Kansas City 

June 28-90. 
Dangers, precautions to obviate the, Franklin Inst. com. rep. 

Dec 24-81. 
Development, etc., S. Chester, Feb 8-79. 
Edison's system, Feb 21, Dec 25-80 ; Sep 16-82. 
Gas vs. Mar 4, cost of, n 25, N. Y. contracts, n Apr 29-82. 
Incandescent, cost of, Equer, June 27-85 ; plant, 111. Valley, 
Ottawa, 111., long distance, map, * Oct 5-89 ; Loomis sys- 
tem, * May 18-89. See also under names of companies. 
Loomis system, * May 18-89. 
New York City, Aug 12-82. 
Plants, by artesian well, * Sep 29-88 ; and storage bats., dan 

gers of, Nov 10-83. 
Problem, ed. Jan 11-79. 

Railroad service in, M. B. Leonard, July 12-90. 
Regulations, and motive power, for the installation of, Bos- 
ton Manuf s. Mut. Ins. Co. Aug 9-90; rules for use of, Nov 
5-81. 
Station, Keswick, England, water power, inset, * Sep 13-90. 
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Electric ORE-dressing, Tilly Foster mine, F. H. McDowell, Oct 
4-90. 

Pneumatic system, Clay, Phila. Nov 20-86. 

Power, technically considered, W. L. Allen, * Nov 1 ; transmis- 
sion, Nevada mill, Apr 12-90. 

Pump, the Hall, * Mar 15-90; pumping plant. Hall's, May 5 
-88. 

Railways. See also Railways, electric. Electric working of 
railroads, W. E. Hall, July 12, limitations of steam and elec- 
tricity in transportation, 12-90. 

Storage batteries (accumulators ; secondary bats.), ed. May 27, 
June 10-82 ; and arc lights, dangers of, Nov 10-83 ; storage, 
* May 25-89 ; effic. of, W. E. Ayrton, expts. * Sep 6-90. 

Subways, of N. Y. city, Sep 11, Oct 23-80; Apr 21, * May 5- 
26-88; of Phila., cor. * June 9-88. See also Elec. wires, 

' underground. 

Sugar refining, Sep 22-88. 

Telemeter system, * Oct 5-89 ; telemetry, Hewitt, Apr 25-85.« 

Traction, de Coetlogon, * Aug 18-88 ; increaser (locomotive), 
the Ries, * Aug 9-90. 

Units, Sep 19-85. 

Water purification, L. T. Stanley-P. P. Quackenboss pat. May 
17-90. 

Welding, proc. * May 5-88; expts. Mar 9, 23-89; (full), * 
Nov 15-90. 
Bernardo's method, Apr 7-88. 
Fibrous structure of elec. welds, * Sep 14, * 21-89. 
Thomson proc. Mar 9, 23-89 ; Fish, Jan 18-90. 

Wires, underground, subterranean conductors, Sep 3-81 ; N. 
Y. subways, Apr 21, * May 5, 19, 26-88 ; Sep 11, manhole, Oct 
23-86 ; Paris, * Jan 25-90 ; Phila. June 9-88 ; Washington, 
Oct 9-86. 
Electricity, dangers of, H. Morton, Sep 6-90; applied to ex- 
plosives, Abel, July 7-83; heat production from, ed. Aug 9 
-90 ; magnetic observs., U. S., Los Angeles, Cal. Aug 18-83 ; 
marvels in, Sep 10-81 ; prog, of, n July 22-82; a decade of 
prog, in, July 27-89 ; transmission of power by, Siemens, May 
5-77; in warfare, B. A. Fiske, Sep 20, * 27-90; from water 
power, Belknap water motor and dynamo, * June 15-89. 
Elevators, hydr. and motors, B. F. Jones, June 9-83 ; pass, and 
rapid transit, ed. Aug 10-89. 
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Embankments^ sand-bag, Oct 24-85. See also Dams; Riv- 
ers ; WATER-works reservoirs. 
Energy, sources of in nature, W. Thomson, Nov 26-81. 
En^neer, the mechan. engineer, his preparation and work, R. H. 

Thurston, Oct 15-75. See also Engineers. 
Engineering:. Including Civil, Mechanical and Municipal 
engineering. See also Bridges; Builjding; Electric — 
Harbor — Hydraulic — Marine engineering ; Materials ; 
Metals; Military; Mining — Naval eng. ; Railway; 
Roads ; Sewerage ; Telegraph ; Tunnels ; WATER- 
works, etc. 

Engineering, (general) prog, etc., review of, in U. S., 1875, ed. Jan 
1 ; do abroad 8 ; eng. thought, origin, and hist, of the prog, of, 
Mc Alpine, Nov 2.5-76 ; rise and prog, of Am. * Jan 13, 20-77 ; 
future of, T. C. Clarke, addr. June 28-79 ; as a development of 
mod. civilization, F. CoUingwood, addr. July 3, 10-80 ; in 1881, 
E. S. Chesbrough, addr. May 6-82 ; review of year 1882, Jan 
6 ; foreign projects, Feb 3-83 ; 10 years' record of, Apr 19-84 ; 
prog.. Boiler, June 27; do Graff, July 4: profession of, Kent, 
Aug 29-85 ; in war times, Jan 30 ; duties, CoUingwood, June 
19 ; one year of, Flad, sup. July 3, 17-86 ; failures, Apr 9-87 ; 
how to begin in, ed. May 12-88; prog, in 1888, Cochrane, 
addr. June 1 ; do Becker, addr. 29-89. 

Advice to a novice in, July 12, 19, Aug 2, 16-79. 

Am. Academy of, proposal for, Kent, Oct 16-86. 

Artistic, H. J. Haber, May 26-77. 

Associations. See Engineering societies; Engineers. 

Calculations, short cuts, June 5-86. 

Civil, progress, J. Fowler, addr. Sep 30-82. See also Bridges ; 
Building ; Cements ; Concrete ; Culverts ; Earthwork ; 
Engineering, municipal ; Engineers; Excavating; Foun- 
dations ; Harbor-Hydraulic eng.; Instruments ; Land; 
Law; Maps; Materials; Military — Mining eng.; Rail- 
way; Retaining walls; Roads; Sewerage; Streets; 
Surveying ; Tunnels ; WATER-works, etc. 
Department, Washington, rep. Jan 10-85. 
Dimensions method, July 2-30, Aug 13, 20-87. 
Mechanical and, defined, and cor. Aug 26, 26-76. 
Profile quantities, balancing, graphic method, May 10-84. 
Stadia and stadia measurements, Roney, * May 2-78 ; re- 
duction diags. Aug 6-87. 



30 ENGINEERING CONSTRyCTION. 

£ngrineering Construction, I. O. Baker, bk. review, Oct 19 
-89. See also Masonry— Railway construction. 
European, May 27; notes, June 24, July 8, Aug 19, Sep 2, * 16, 

* 30, Oct 7, Nov 4, 18-82. 
Mechanical. See also Air Engine; Belting; Bolts and 
nuts; Chimneys; Coal; Cranes; Dynamometers; Elec- 
tric; Energy; Engineers; Friction; Fuel; Furnace; 
Gas; Gases; Heat; Machinery; Machines; Machine 
Shop, Tools; Marine Boilers, Engines ; Mechanics; Rail- 
way locomotives; Power transmission; Pumping engines; 
Steam; Steam Boilers, Engines, Hammers, Heating; Tur- 
bines ; Wire Ropes, etc. The mechanical engineer, his prep- 
aration and work, R. H. Thurston, Oct 15-75 ; and civil, de- 
fined, and cor. Aug 26, 26-76. 

Cannon, steam eng., man and insect power, Nov 17-83. 
Condemned machin. removing by dynamite, De Kinder, Oct 

25-84. 
Dynamics, a question of, Gilman, cor. July 14-88. 
Horse power, nominal, June 30-88. 
Man, power of, Nov 17-83; working power, M. C, Meigs, 

May 2-85. 
Munchausen, ed. Dec 29-77. 

Municipal. See also under names of cities; Pavements; 
Roads; Sewers; Streets; WATER-works. 
Albany, N. Y., Western Ave. imp., specs, and bids, Mar 10 

-77. 
Boston, City EngV's rep. June 20-85 ; Jan 16-30, map, Feb 

6-27, Mar 16-27, Apr 3, 23, 30-86 ; Mar 26-87. 
Brooklyn, N. Y., pub. wks. rep. Sep 18-80. 
City refuse, economical disposal of, W. C. Foster, Mar 15-90. 
Economy in pub. works, costs, etc., n July 29-76. 
Galesburg, 111. Feb 6-86. 
Glasgow, st. refuse disposal, Aug 30-84. 
House numbering, n Feb 26-87. 
Liverpool, England, Oct 4, * 25-90. 
London, England, st. sweeping, June 9-77; and san. Aug 21 

-87. 
Lynchburg, Va. Nov 4-76. 
New Haven, Conn. Oct 15, Nov 15, Dec 15-74. 
New York city st. cleaning, N. Y. Reform Assoc, rep. Mar 7 

-78; notes, Mar 20, 27, Apr 17, 24-80 ; Feb 5-87. 
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^Engineering, municipal, Paris, France, numbering houses, July 

31 ; sewers, n Nov 6-80 ; sts. '87, Jan 1-87. 

Philadelphia, Pa. Dec 18, map, 25-86; Jan 1, 22, Feb 5, 12, 

26, registry land. Mar 12, Registry Bureau (lots land), Mar 19 

-87. 

Providence, R. I. Apr 10, 17, May 1-29, June 5-19, July 3, 24, 

31, Sep 11-86. 
Pullman, 111. Mar 31-88. 
Rochester, N. Y., Ex. bd. rep. Nov 20-86. 
St. Paul, Minn., st. sweeping, cost, Sep 12-85. 
Street, cleaning, N. Y. Mar 7-78; do cost of, Vienna, n Apr 
14-88; grade intersections. Calkins, Jan 29, Feb 19, 26, 
Mar 5-87 ; imp. prices, Sep 10-87 ; Ry. cleaner, Reynold's, 
Apr 24-86 ; Paris, Jan 1-87 ; refuse disposal, Glasgow, 
Aug 30-84; surveying, Le Baron, * July 22-76; Wash. 
Oct 22-87. 
Vienna, Aus., cost of st. cleaning, n Apr 14-88. 
Washington, pub. wks. Mar 10-83; Aug 28, spec. Sep 4-25, 
Oct 2-30-86; sts. Oct 22-87. 
News, growth of, ed. Oct 6-88. 
Notes, Jan 8-76; best form of scrap cabinet for, T. S. Miller, * 

Feb 1 ; from the far west, C. E. Fowler, cor. Oct 18-90. 
Practice, reform in, Le Baron, Aug 26-76. 
Quarterly, list articles in. Mar 10-83. 
Societies. See also Engineers. 
American and British, July 26-79; in U. S. July 11-86; 
comparative growth, ed. Sep 22-88 ; financial management 
of, table, Dec 13-90. 
En^iueerSy the status and prospects of, C. G. Smith, Jan 10-78. 
American Soc. Civil, pro., organization and objects, July 15-76 ; 
June 24-76 ; Apr 14, 28, May 12, 19, constitution of, Nov 17, 
by-laws, 24-77; June 27, July 4, 11, list members, 11, 18, 25, 
Aug 1, Nov 21-78; June 21, 28, Nov 15-79; May 29, June 5, 
12, 19, Nov 20-80 ; library, index to, bk. n May 7, Montreal 
convention, June 25-81 ; Jan 21, 28, May 20-82 ; Jan 20; Feb 
10; May 26, June 9, 16, 30, July 7, 21, Dec 8-83; Mar 1, Apr 
26, May 10, 24, 31, June 14-28, Nov 22, Dec 20-84 ; Jan 24, 81, 
Feb 21, 27, Mar 14, June 13, July 4-85 ; Jan 9, 23, Apr 10, June 
5, July 24, Aug 7, Oct 23, membership, Nov 27-86; Jan 22, 
growth, Jan 29 ; Feb 5, Mar 5, Apr 9, June 4, black-balling, 
June 18, map showing distrib. of, July 2-22, Aug 13-27, Sep 10 
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Engineers, American Society, civil. 

17, Oct 15-87 ; Jan 21, July 7, 14, Oct 20-88 ; Jan 19, June 

29, July 6-89; membership, etc. Jan 18, founders of, cor. 

Mar 8, July 5, 12-00. 
American Soc. Mechanical, pro. Nov 12-81; Dec 4, 11-86; 

June 18, 25, Dec 3, 10-87 ; May 19, 20, Oct 27, Nov 3-88 ; 

May 24, 24-00. 
Boston Soc. Eng'rs. pro. May 20-76; list members. Mar 20 

-80; May 21-81. 
Canadian gov't (camp-life), July 10, 24, Aug 14-87. 
City, Chicago, surveying in, after the great fire of 1871, * Nov 10 

-77; duties of, ordinance. Salt L. City, Utah, Aug 30-90; 

hand-book, July 26-84; office, Prov., R. I. * Apr 24, * May 1 

-80 ; salaries, 1873, various cities, Oct 15, Nov 15-75. See 

also Eng., Municipal. 
Club of. No. West, pro. Nov 15, Dec 15-74; Phila., pro. June 

30-88; St. Louis, list members, Dec 12-78. 
English societies, notes, cor. Mar 15-90. 
Fees of. May 1-86. 
French gov't, Oct 25-90. 
Institution of Civil, London, England, pro. June -75; Jan 

22, papers wanted, list of subjects, Sep 16-76 ; June 28-79 ; 

subjects for papers, Feb 7, Barlow, addr. 21, 28, Mar 6-80 ; 

Jan 12, June 7-84; histor. sketch, Oct 30-86; June 30-88; 

benevolent fund of, July 26, history, ed. Dec 6-90. 
Institution of Mechanical, London, England, pro. Aug 16, 23 

-90. 
Library, union, Feb 7-85 ; Apr 16-87. 
Mich. Assoc, of Surveyors and C. E.'s, pro. Sep 11-80; Apr 2 

-81. 
North West, C. E. Club of, pro. Nov 15, Dec 15-74 ; list mem- 
bers, Sep 15, constitution, Oct 15-75. 
Ohio Soc, pro. Jan 31-85 ; Jan 23-86. 
Paris Societies, pro. Feb 9, May 3-84. 
Philadelphia, Eng'rs Club of, pro. June 30-88. 
Pocket bk., Trautwine's, Feb 14-85. 
U. S., corps of, rank, duties and addresses, list, Apr 9-81 ; June 

3-82. 
Water- works, the practice of, ed. Mar 22-90. 
West Pa., Soc. of, rep. Feb 25, 25-82. 
Cugriues. See Air — Pumping — Steam engines. 
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Engraving rail sections, 4 styles, etc., ed. * Dec 27-90. 
Encsson, John, and his works, * Oct 8-81 ; por., inventions, 

etc., and ed. * Mar lG-89. 
Evans, Oliver, and the locomotive, Sep 17-87. 
Excavating and excavators. See also Dredging; Mining; 
Tunneling. 

Steam excavator and dumping car, Osgood, * Sep 23-82 ; great 
cut, France, July 19; excav. plant, Carson, Oct 25-84; Bor- 
row-pit, Portland, Ore. Nov 28-85 ; single chain and dredge, 
Jessop, Dec 11-80; steam excavators, methods, and cost of 
working by, Clements, * May 2(i, June 9-88 ; a great rock ex- 
cav., Tilly Foster mine, Brewster's station, N. Y. * Apr 'JO; 
excavator for sewer trenches, * Sep 27-89. 
ExliibitionSy Am. Institute, N. Y. Oct 2-80. 

Am. in London, 1886, map, June 2()-85. 

Chicago Interstate industrial, sup. * Oct 15-74; U. S. world's 
of 1892, buildings, original, ed. Oct 5-80 ; novel plan, Jennison, 
* Mar 15, ed. 29-90 ; vs. N. Y. city, ed. Aug 10 ; proposed N. 
Y. sitefor, ed. Sep 29-89. 

New Orleans, Jan 23-86. 

Paris, of 1878, n Nov 11-76; rules, Jan 24-78; of 1889, attend- 
ance and results, ed. Nov 10 ; fin an. exhibit, Dec 14-89, Jan 
11-90. 

Philadelphia, U. S. Centennial, what to see at, Sep .30", C. J. 
Moore, Oct 14-28, Nov 4-76. 

U. S. International, Aug 14-80. See also Exhibs., Chicago — 
PhUa. 
Expert testimony in judicial inquiries, Herschel, Apr 9-2.S-87. 
Explosives, chlorate of potash as an, Feb 28-84; classification 
of, Foster, Jan 12-89 ; and their composition, W. C. Foster, 
list, June 30, July 7-88; compounds, Sep 3-81 ; by reaction, 
July 2-87. 

Cotton powder. Mar 14-78. 

Emmensite, Feb 2-89. 

Gelatine, explosive, n Feb 5-81. 

Gun cotton, compressed, Eissler, July 30-81 ; manuf. Jan 17 
-85. 

Gunpowders, Apr 5-84 ; the smokeless, July 5-90. 

Helloffite, Oct 10-85. 

High, list of. Mar 31-88 ; properties and use of, July 6-89. 

Humboldt powder, Jan 3-78. 
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Explosives, Modern, Jan 29-76; on St. Gothard Ry. and Cor- 
inth canal, Specht, July 5, anaL of, Aug 16, expts., Specht, trans- 
lator, Sep 6, Specht, compiler, Sep 27-84 ; Kerr, Apr 6-89. 
Rackarock, blasting powder. Abbot, Mar 1-84 ; Dec 12-86. 
Securite, Apr 30-87. 
Smokeless gunpowders, July 5-90. 
Fallings bodies, force of, Haswell, cor. June 16-77. 
Ferry, frt. car transfer, Penn. R. R., Jersey City, inset, * Jan 18, 

18-90. 
Figures, curiosities in, Dec 29-88. See also Mathematics, 

arithmetic. 
Fire-brick manuf., Mt. Savage, Md. Apr 10-86. 
Fire extinguishing, water for, fire jets, expts., n BramweU & 
Easton, Dec 22-77 ; Woodbury, cor. Jan 11-90. 
Hose, linen, quality of. Mar 23-89. 

Hydrants, det. of rental value of, Tubbs, May 5-88; the 

Bailey, * Jan 28-82 ; Eddy Valve Co. * Oct 4-90 ; Greathead 

injector, Feb 20-86; Halifax, N. S., E. H. Keating, * Dec 3 

-81 ; and valves, new types, Stiilwell Manuf. Co. * Mar 29-90. 

Insurance, Assoc, Factory Mutual results, Sep 22-88 ; Host. 

Manufs. Mut. Co.'s rep., n Mar 23-89. 
Losses, and timber supply, ed., diag. Jan 19 ; methods of reduc- 
ing the fire loss, Woodbury, * Dec 14-89. 
Fire-places, cure for smoke in, Feb 19-81. 
Fire-proof construction, ed. June 15, July 15, Oct 15-74; paper 

and ink, n Mar 3-83. See also Building. 
Fire protection, appliances, Dunham, Apr 26-84 ; metallic lath- 
ing, and ed. * Dec 7, 7-89. See also Fire losses. 
Ceilings, comparative value of different, Apr 7-88- 
Electric lighting, risks of. Hedges, Nov 17-83. 
Expert opinions on, Dec 14^89. 
Precautions, May 14-87. 
Service in Paris, hist, of, Aug 2-79. 
Tables, for 1890, Chron. Co., bk. notice, Sep 20-90. 
Fires, in Paris, Colonier, Apr 26-79. 
Flad, Henry, por. * July 3-86. 

Floods, through the failure of natural barriers, July 27-89. 
Johnstown, Pa., disaster, * June 1, ed. 8, and South Fork dam, 
and ed. 15, 15, ed 22 ; map of district, * July 13 ; * Aug 17-89. 
See also Dams, South Fork. 
SuY levee disaster, Apr 22-76. 
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Flying, the problem of, ed. Aug 31-89. 

Food, wages and cost of living (prices of food), Sep 10-81. 

Forestry in Europe, July 18-86 ; interests of U. S., n May 31 

-90. 
Forests, climatic influences of, June 6-86. 
Fortifications, the Inchkeith, Scot. July 23-81 ; Holland coast, 

May 1-86. See also Armor ; Gunnery ; Military eng. 
Foundations. See also Bridges ; Building ; Cements ; Con- 
crete ; Dams ; Harbor eng. ; LiGHT-houses ; WATER-works. 
Anchoring bolts, adhesive strength of sulphur, lead and port- 
land cement for, July 19-90. 
CoFFER-dam, floating, E. F. Smith, Mar 14-85. 
Concreting under water, H. F. White, Dec. 20-90. 
Deep, July 18-85; in 300 ft. water, Jandin, Paris, Feb 27-86; 
Foundations, Bryson, June 15, July 15, Aug 15, Sep 15-74; 
June 7-79. 

recent prog, in, Ormbsy, Feb 1-90. 
Materials for, July 15-74; crushing strength of, I. O. Baker, 

cor., table, Jan 5-89. 
Sand as, Curtis, May 15 ; 29-86. 
Sinking, deep, recent prog, in, Ormbsy, Feb 1 ; an experience 

in, May 31 -90. 
Soils, supporting power of, R. Hunt, table, June 16-88. 
Subaqueous, W. R. Kinipple, * Nov 8-90. 
Francis, James B., por. * Jan 1-87. 

Friction, recent researches in, Goodman, Mar 31, Apr 7, 14 
-88. 
Coefficient of air flowing in long pipes, Unwin, July 11-85. 
Hydraulic cupped leather packing, St. Louis, May 14-87. 
Laws of frictional resistance, ed. Apr 7-88. 
Lubrication, Thurston, Apr 21-77. 

Sliding surfaces, influence of elec. current on, L. M. Schmidt, 
diag. * Sep 27-90. 
Fuel and fuels. See also Combustion ; Furnaces ; Heat. 
Anthracite, powdered and gas, Nov 13-86. 
Culm, compared with other fuels, Dec 6-90. 
Gas and powdered anthracite, Nov 13-86; and applications, 
B. Loomis, * Oct 11-90 ; use of liquid and gaseous, Gardner, 
Apr 27-89. 
Petroleum, use of liquid and gaseous, Gardner, Apr 27-89. 
Powdered anthracite and gas, Nov 13-86. 
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Furnaces. See also Railway locom.— Steam boiler furnace. 
Cremator, garbage and refuse, Foster's, * Mar 2-89. 
Draft gauge, Barms', * May 24-90. 
Fales' hot air, Apr 13-89, Mar 22-90. 

Heating, Siemens, Smith, » May 24-90; for re-heating steel 
plates, using regenerated producer gas, Lx)omis proc. * Oct 11 
-90. 
Notes on the action of, Jan 15, 29-81. 
Gas, cheaper, Forstall, Nov 10-83. 
Coal, ilium, power of, estimating, Sugg, Sep £.3 — Oct 7-70; 
Marks, Jan 6, 13 ; and oil, comparative cost, J. D. Patton, cor. 
Mar 24-77 ; manuf., Patton, May 10-78. 
Distribution, Westinghouse, July 30-87. 
Engines, July 5-79; the Beck, tests, Kennedy, June 9-88; 
Otto plant at Prague, Aus. Dec 25-86 ; pumping, Crown, Sep 
13-84. 
Furnace, utilization of, Kluepfel, * Feb 10-77. 
Generating plant, Loomis proc. '* Oct 11-90. 
Inventor of (Wm. Murdock), Dec 1-83. 
Gas-lighting, early history, n June 3-82 ; street, Kansas City, cost 

of, lune 28-90. 
Gas manuf., from petrol, and other mineral oils, Ross, June 15-75. 
Natural, in 111. Dec 12-85; piping for. May 1, and pipe, Dec 
4-86 ; Paine, Jan 29, Feb 20 ; long distance transport., Chris- 
tian, July 30; Pitts., Sorge, Sep 10, 17-87 ; and oil, ed. Apr 14 
-88 ; Pitts., past and present, Mar 30-89. 
Oil, the Pintsch plant, * Apr 13-89. 
Question, Apr 1-76. 
Trust of Phila., n Jan 8-81. 
Water, Boston rep. Dec 29-77. 
Gas-works, first, Aug 19-82 ; Phila. City, Apr 14^88. 
G^ariugTy spiu* wheels, new proc. for generating and cutting teeth 

of, A. Swasey, * Nov 29-90. 
Geodetic operations, French and Ital. methods, new (full), * Dec 
10-81 ; Pumington, Oct 20-83 ; Internat. Assoc, of Europe, 
Sep 27-84. 
Georgria, capitol bids, Oct 11-84. 
Germanyy civil cases procedure, Apr 23-87. 
Girders, plate, angles computing, table for, F. E. Eilshemins, 

cor. May 27-82. See also Beams and girders, 
Glass» manuf. Dec 8-83; rolling, May 8-79. 
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Grading: contract, agreement for, Aug 25-83; and ditching, 

simple methods of, D. D. Rogers, * Nov 8-90. 
Grain, stored, pressure of, Roberts, Apr 7-83. 
Granite, Aberdeen, Sep 26-85. 
Graphical statics, new science of, Merriman, July 22; Favaro, 

Aug 12-76; corrections, C. W. Kettell, cor. June 9-77. 
Greece and Egypt, ed. notes, Aug 23, 30-90. 
Greenland, Aug 11-83. 
Gold. See Metals, gold. 
Gould, Jay, Sep 8, Oct 6-83. 
Gunnery. See also Armor. 
Armor behavior, C. O. Browne, May 31 ; cast iron, expts., Gru- 
son, May 3 ; armor plate trials, Gruson, rep. May 24-84, May 
9-85 ; tests in Europe, Jan 9, 23, material tests, Bixby, rep. 
Jan 16-86. 
Berdan shell guns, Feb 21-86. 
Cast iron chilled armor, expts., French and German, Schutz, 

Nov 15-84 ; May 27-86. 
England's naval armament. May 2-85. 
Gatling gun, Aug 16 ; 6-lb. rapid firing, Brit, navy, Sep 13-84. 
GiFFARD liquid^as gun, * Aug 9-90. 
Great guns, Aug 22-85 ; making of, ed. Nov 16-89. 
Haswell multi-charge, Nov 3-83. 
Material, U. S. ordnance rep., Bixby, Oct 17-31, Nov 7-28, 

Dec 5-26-86, Jan 16-86. 
Maxim machine gun, Dec 6-84 ; June 27-86. 
Ordnance, and projectiles, notes, July 15-76 ; mod. May 12-83. 
Projectiles and ordnance, notes, July 15-76 ; projectile veloc- 
ities, Apr 4-86. 
Rapid firing, Feb 1-79 ; 6-lb. Gatling, British navy, Sep 13-84. 
Steel, use of, in guns. Mar 26-87 ;^lhe Thurlow cast-steel gun, 

Feb 16-89. 
Thurlow cast-steel gun, Feb 16-89. 
Gyration, radius of. See Columns, strength, rad. and center of 

gyration. 
Haminer, atmospheric, Butterfield's, * Sep 16-76; automatic, 

the MacCoy pneu. tool, * July 27-89. 
Harbor engineering. See also Canals ; Dams ; Diving ; Dredg- 
ing; Foundations; Landing stage; LiGHT-houses ; Piles; 
River and harbor appropriation; River improvement; Riv- 
ers ; WATER-works reservoirs, etc. 
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Harbor eng., Antwerp docks, n Mar 26-81 ; works, Sep 22-84« 
Argentine Repub. harbor imp. Nov 21-85. 
Bilbao, harbor of, * Aug 31-89. 

Breakwater, concrete, New Haven, England, July 25-85* 
Brighton, England, sea-wall, Apr 11-85. 
Calais, France, quay foundations, Betillart, rep. * Jan 4-90. 
Concrete construction, Aug 9-84 ; breakwater, July 25-85. 
Canada, crib-work in, * Apr 16-81. 
Chicago, 111., works, inset, ed. * Sep 15-74 ; Chic, river and 

harbor, Jan 15-70. 
Coast and harbor surveying, Bache, Oct 15, Nov 15-74. 
DiviNG-bell, rock removal by, Apr 25-85. 
Docks, Antwerp, n Mar 26-81. 

Bulkhead construction in N. Y. * May 25-89. 

England, and harbors, Dec 5-78. 

DRY-docks, new, at Erie Basin, Brooklyn, Nov 26-81 ; Brook- 
lyn, May 10-90 ; Simpson, St. John's, Newfoundland, Feb 
21-85 ; dry timber at Stockton, England, May 28-87 ; gov't 
timber dock, St. John's, Newfound. * Oct 12-89. 

Leith, Scotland, Sep 10-81. 

Royal Albert, blowing up of basin wall at, J. Thomas, * Sep 
20-90. 

St. John, N. B. Apr 7-88. 
Dykes, brush, spec, for, Craighill, Oct 19-89. 
England, docks and harbors of, Dec 5-78. 
Entrances, physical phenomena of, Haupt, * Feb 25-88. 
Excavation, submarine, in sand, Ter-Meulen excavator, * Mar 

23-89. 
Dublin, imp. of bar by artificial scour, J. P. Griffith, June 14 

-79. 
Flood rock. See Har. eng., N. Y. 

Foundations, subaqueous, W. R. Kinipple, * Dec 13. * 27-90. 
Galveston, Tex., entrance imp., C. W. Howell, * Sep 1-7 7 ; 

Feb 11-82; jetty, Nov 29, Dec 27-84; imp. of entrance, G. 

Wisner, cor. Dec 6-90. 
*Harlem and Hudson rivers, imp. and connection of, Newton, 

Aug 30-84. 
Hell Gate. See Har. eng., N. Y. 
Holyhead new harbor, Hayter, Sep 23- 70. 
Hudson and Harlem rivers, imp. and connection of, Newton, 

Aug 30-84, 
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Harbor eng., Hydrographic surveying for eng. purposes, A. C. 

Both, July 29-82 ; double sextant for surveys, * June 28-90. 
Improving, new methods, Aug 12-76. See also names of har- 
bors. 
Jetty system, Eads, June 28; at Galveston, Nov 29, Dec 27-84 ; 

Apr 25-85. . 
Lake Mich., eastern shore, cradles, etc. * Oct 30-80. 
Lake Ontario, natural harbors, * Mar 8-90. 
Lake Shore protection. Bannister, Dec 16-76. 
Lake Superior, Eagle harbor, removal of rock obstruction, 

Schermerhom, Mar 10-77. 
Landings, floating, Schrader, Aug 8-85. 
LiBAU port, Russia, * Sep 16-82. 

Manchester, England, a seaport, imp. wks., n Oct 14-76. 
Memphis harbor improvements, * Nov 2-89. 
Nantucket, Mass., harbor of refuge, proposed, Jan 8, imp., L. 

M. Haupt, Apr 16-87. 
New Haven, England, concrete breakwater, July 25-85. 
New York, the water front of, Feb 24-77 ; the bulkhead or river 
wall, N. Y. city, C. W. Raymond, * June 12, * 26-80. 

Hell Gate, inset, * Sep 30-76 ; ed. July 22-82 ; imp. (Flood 
Rock), Sep 12-85. 
Pier construction, G. A. M. Liljencrantz, * Mar 1; iron pier. 

Long Branch, Apr 19-79. 
Quebec harbor improvement, Dec 22-77. 
Refuge, harbors of, Milwaukee, D. C. Houston, rep. Nov 27- 

80; Nantucket, Mass., proposed, Jan 8-87. 
Rio Grande, Brazil, bar of, June 24-82. 
Rock removal by diving-bell, Apr 25; removing under water, 

Welland canal, James, July 11-85 ; excav. under water, cost, 

table, U. S. Engineer Dept. Jan 5-89. 
St. John, N. B., harbor improvement and docks, Apr 7-88. 
St. Nazaire, France, quays, lowering masonry shafts for, Mahan, 

* Oct 27-88. 
San Francisco, water front structures, Manson, * Dec 29-88 ; 

sea wall, caisson used in founding, R. Hunt, * Aug 2-90. 
SouTHPORT, England, extension of the promenade, Wm. Kis- 

sack, Nov 12-81. 
Surveying. See Surveying; U. S. surveys, etc. 
SuY Island levee, July 10-80. 
Toronto esplanade question, * Jan 4, 11-90. 
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Harbor eng., U. S. river and harbor appropriations, Mar 8-90. 
Welland canal, rock removing underwater, James, July 11-85. 
Wharf moorings, Jane 28-83. 
Heat and combustion, Dudley, Feb 19, 26, Mar 11, 25-76. 
Conductivity, relative non-conductivity to, C. E. Emery, expts., 

n Mar 11-82. 
Light and, Crooke's invention, Apr 22-76. 
Mechan. equivalent of, Rowland's expts. for det., n Aug 16-90. 
Production from electricity, ed. Aug 9-90. 
Steam and, A. Rigg, Sep 27-79. 
Waste of, Wm. Metcalfe, Nov 5-81. 
Heatings and ventilation. See also Hot air; Hot water; Rail- 
way car heating; Steam heating. 
Heating and ventilation, Feb 15-75 ; quantity of air required 
for buildings, Dec 26-85; office and warehouse building, 
Snell, * Jan 7-88. 
Boston Heating Co., notes, Jan 14, Dec 8-88. 
Mass. Inst, of Tech., Boston, system of, * Feb 25, * Mar 3, * 
May 19-88. 
Higlmrays. See Eng. munic. ; Paving; Roads. 
Hods, Dec 16-82. 

Hoist, friction drum power, T. Carlin's Sons, n * Oct 25-90. 
Holland coast surveys, Jan 9 ; coast fortifications. May 1-86. 
H'olley, Alexander L., J. Dredge, addr. Oct 4, por. * 11-90. 
Horse power, nominal, June 30-88. 

Hospital construction, Willett, July 22-76 ; compressed air, Hud- 
son river tunnel, * June 14-90. 
Hot-air engines, Ericsson's caloric, * Oct 8-81 ; Woodbiuy- 
MerrilPs and tests, * Sep 14-89. 
Heating by, Chesebrough system. Mar 10-88. See also 
Heating. 
Hot water heating, Boston Co.'s system, Aug 27-87 ; of John Hop- 
kins hospital, bk. n Nov 22; and steam plant, comparative 
test, diags. * May 24-90. 
House drainage, Willett, * Mar 11-76 ; Durham system, * Sep 
9-82. See also Building; Drainage, house; Sanitary 
eng. 
Hydraulic conundrum, cor. June 16, 30-88. 
Drill, Brandt's, Herschel, Sep 5, 12-78. 
Engine, the Pearsall, * Sep 28-89. 
Engineering.. See also Harbor eng. 
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Hydraulic engineering, Current meter, * Apr 25-78. 

Flow of water in open channels, T. G. Ellis, Nov 26-81 ; 
through pipes, tables, McAlpine, Jan 13, Mar 3, 10-83; 
expts., Weston, Sep 27-84. 
Formulas, diagrams of, J. L. Fitzgerald, inset, * Sep 6, correc- 
tion, 13-90. 
Gauging of flowing water. Turner, Aug 15-86. 
Green's pond improvement, Long Branch, N. J. June 9-83. 
Hydraulics, problem in, * Nov 27 ; the study of, July 10-80. 
Hydrostatics, remarks on, H. E. Licks, * Dec 11-80, Jan 1, 

♦22-81. 
Jets, and long mains, water discharge, diag. * Sep 23-76; 

jets of water, heights of, Ryall, cor. Aug 8, Flagg, 15-78. 
Lift and mud receiver, Powell, Feb 7-85. 
Machinery, St. Clair tunnel, * Dec 20-90. 
Motors, Feb 18-82. 
Mud, sand and gravel transport, by running water, Vauthier, 

Nov 1-84 ; receiver and lift, Powell, Feb 7-85. 
Ram expts. Feb 1-90. 
Pipes, flow of water through, tables, McAlpine, Jan 13, Mar 3, 

10-83. 
Power, Ellington, May 16, 23-85 ; distribution, London, Aug 

23-84; supply, Ellington, Nov 17-83. 
Pumps, Johnston, Jun 22-87 ; Buffalo Steam P. Co. compound 

duplex, * Dec 13-90. See also Pumps. 
St. Anthony Falls, Aug 8-85. 

Water power gauging at Lowell, Mass., Francis, July 25-78. 
Weirs, movable, three designs for, * Oct 18; Bazin's expts. 
with, diag. * Dec 27-90. 
Hydrogrraphic office, U. S., Navy Dept. Sep 16-82. 
Ice, impurities in, Oct 29-81 ; strength of, Dec 26-85. See also 

Refrigerating. 
Index, card catalogue as an, Mar 31-83 ; to periodical literature, 

Feb 21-Oct 3-85. 
Indexiugr, ed. May 12-88, Mar 16-89. 

India, public works of. May 5, 12-77. See also EIailways, In- 
dia. 
Indiana State House, Indianapolis, * Oct 10-78. 
Institution of Engineers. See Engineers. 
Instruments, Circle dividing, * Apr 21-77. 
Compass, the Magnaghi floating, Aug 12-82. 
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Instruments, Meridian finder, new, * June 3-82. 
Philadelphia exhib., cor. Aug 12, 19, Sep 2-76. 
Surveying, imp. in, * Sep 30-76; I. O. Baker, Aug 7, Sep 11, 
25, Oct 9, Nov 13, Dec 4-86 ; do construction and use, Mar 19 
-87. 

AuTOGRAPHOMETER, the, Floran, May 7-87. 
Chains, Gunter's, origin, ed. July 22-89 ; metric standard, for 
railroads, C. H. Swan and J. Waterhouse, cor. Jan 28, 28 ; H. 
E. Blake, cor. Feb 11 ; C. M. Swan, cor. Mar 4, 11-82. 
Italian, * Oct 15-81. 

Levels, improved, W. Gardam & Sons, * July 15; the Corn- 
stock and rod, * Aug 26 ; hand, imp. in, H. F. Dunham, cor. 

* Sep 30-82; the Wye, * May 7-81. 

Magnetic needle, attractive influence of running streams of 
water upon, Irish, Nov 15-75. 

Notes. See Surveying, field notes. 

Plane table, the. Pierce, Mar 10-88. 

Planimeters and their accuracy, Sep 19-78. 

PLUMB-bob, nonpareil, * Apr 29-82. 

Rods, H. N. Francis, * Oct 15-81 ; Specht, Nov 13-86; Jan 
1, 14-87; level, metric. Mar 18, C. H. Swan, cor. 18; self- 
reading, G. L. Wilson, cor. * Jan 28-82 ; stadia and level, 
C. J. Lyons, cor. * Nov 8-90 ; new " Texas," M. L. Lynch's, 

* July 16-81. 

Tapes, steel, Culley, Sep 3-87 ; use of, J. B. Johnson, Mar 3, 

10-88. 
Telemeters, Mar -76 ; notes on, Fletcher, * Apr 4, 18, 25 

-78. 
Telescope, the Rochon micrometer, as a, Bell, Feb 15-76. 
Transits, invention and introduction of, ed. Oct 15, Nov 15 

-75 ; Merriman, Dec 22-83. 
Trigonometrical, of India, J. T. Walker, Sep 4, 11-86. 
Trotter curve ranger, the, * Jan 18-90. 
Inventions and discoveries, first used, hist. Dec 30-82. 
Iron and steel. See also Steel. 
Beam, rolled, manuf., Belgium, n Mar 12-87. 
Blast furnace with bosh water-jacket and iron top, Wendt, Sep 

6-84 ; blast heating ap., imps, in, J. E. Mills, June 17-76. 
Carbon Iron Co.'s direct proc. of manuf., Dupuy, Jan 25-79; 
Hunt, Mar 24, Apr 14-88. 
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Iron and steel, Cast, castings, Apr 29, May 13, June 17-76; 
proper tests for, J. B. Johnson, * Sep 14-89; cast work, de- 
signs, C. W. Trowbridge, May 16-85. 

Classification, a producer's, Apr 8-82. 

Concrete and iron adapted to resist transverse strains, Percy 
* Sep 8-88. 

Corrosion of, Barff, July 11-78; protection from. Hydrogen 
proc. Mar 31-88. 

English iron trade, in 1887, Jan 28-88 ; in England, prices for 
five years, n Aug 2-90. 

Founding, moulder's snap flask, * Aug 2-90. 

Industry, and its concomitant industries, ed. Dec 15-74; rep.. 
Cope, June 27-86 ; U. S. statistics, June 1-89. 

Institute, British, pro., E. Williams, addr. May 24-79; Oct 4, 
11, J. Kitson's addr. 18, 18, 25, Nov 1, 8, 22-90. 

Malleable, manuf. without fuel, Bessemer, Sep 10-81. 

Manufacture, status, ed. May 4-89. 

New methods of making, A. T. Hay-W. Sooy Smith, cor. Apr 7 
-77. 

Notes on iron, Sep 15-75. 

Ores of Lake Champlain, n July 15-74. 

Pig, coal, iron ore and steel, world's production of, Swank, Feb 
8; production since 1840, diag. * May 10; Am., cost of, table, 
Aug 9 ; growth of production, 30-90. 

Preserving, bronzing by steam and air, Oct 24-78; preserva- 
tion, Bower-Barff proc. Nov 24-83. 

Production in 1887, June 9-88 ; output for 1888, Feb 2-89 ; 
of world, since 1830, table, Apr 5, E. P. North, cor. 12 ; for 1889, 
Feb 1, May 17-90. 

Puddling furnace economy, June 30-77. 

Rust prevention, Barff, May 5-77. 

Silicated, J. B. Johnson, rep. Dec 1-88. 

Temperature, effect of, on, Ramsey, Dec 3-31-87. 

Tests, U. S. board to test, June -75. See also Testing ma- 
chine. 

Tetrabasic phosphate, Reese, Aug 11-88. 

Trade, Am., 1886, Swank, Jan 8-87; English, in 1887, Jan 28; 
in U. S. and Great Britain, in 1887, rep. Am. I. & S. Assoc. 
June 9-88. 

Workers, Charcoal, Journal of, U. S. Assoc, Phila. 8-89. 

Working stress of, B. Baker, Dec 18-86. 
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Irrigration. See also Canals; Rivers, imp.; WATER-works 
reservoirs, etc. Apr, May 15, June 15-74; Dorsey, Dec 4 
-80 ; in the West, Brisbin, Apr 28 ; and the great West, ed. 
June 30; in the arid regions of U. S., Powell, Nov 3-88 ; prob- 
lems, relation to forest conditions, B. E. Femow, rep. Sep 6 
-90. 
Abroad, June 9, Sep 15-88. 
Africa, South, Aug 9-85. 
Artesian wells and, in Cal. Dec 26-78. 
AzTKCS, eng. in former home of, Dec 31-87. 
California and artesian wells in, Dec 26-78; mining ditches 

in, and loss by evap., etc. Mar 8-90. 
Canal in West, C. A. Miller, June 28-84; in Montana, n Mar 

30-89. 
Colorado, rep. Mar 28-85 ; laws in, Dec 29-88. 
Cost of, etc. Oct 5-89. 
Ditches in U. S. Jan 2-80; and "New Era" grader, cor. Mar 

15-90. 
Egypt, Apr 18-85 ; and the Raijan reservoir, Whitehouse, Nov 

9-89. 
Idaho, Jan 4 ; A. D. Foote, rep. * Apr 26-90. 
India, June 15, July 15-74 ; Ashti tank, Burke, July 19, 26-84 ; 

Italy and Spain, June 9, Sep 15-88. 
Island of Oahn, Hawaiian group, Dec 14-89. 
Italy, works, Sep 20-84 ; India and Spain, June 9, Sep 15-88. 
Montana, n Mar 30-89. 
Reservoirs, Jan 8-87. 
San Diego flume, June 29-89. 

Spain, Llaurado, Jan 28 ; India and Italy, June 9, Sep 15-88. 
Wyoming, E. Mead, rep. Aug 2-90. 
Japan, floods and earthquakes, * Nov 30-89. 
Jervis, John B., por. * Jan 17, Nov 28-85. 

<rJoliustowii, Pa., flood, disaster, * June 1, ed. 8, 15, 15, 22; map, 
* July 13; * Aug 17; drainage area of South Fork basin, ♦ 
Sep 14-89. 
Joues, W. R., por. * Oct 12-89. 
Joule, James P. Oct 26-89. 
Keefer, Thomas C, por. * Jan 21-88. 
Keely and his motor, Oct 22-81. 
Kid, Charlton B. July 8-82. 
Knots, Dec 26-85. 



LAPHAM. 45 

Krupp, Herr, Sep 6-79. 
Labor, the English navvy, Dec 1-83. 
Food, wages and cost of living, Sep 10-81. 
Occupations of people, U. S., F. A. Walker, May 9-85. 
Prices, food, Sep 10-81 ; advance in, since 1878, n Nov 25-82; 
June 14, Paris schedule of, Oct 11-84; in U. S., table, Oct 17, 
17-85. 
Strikes, two years, in N. Y. state, record of, Apr 14-'88. 
Value in different countries, Burge, June 27-85, 
Wages, rates of, n July 19-71>; and cost of living (prices of 
food), Sep 10-81 ; and rents over the world, Sep 0; advance 
in prices since 1878, n Nov 25-82 ; U. S. and Europe, Jan 15 
-87. 
Lakes, commerce, Dec 13-90. 
Great, water level and rainfall of, Crosman, diags. * Oct OSS ; 
U. S., growth of traffic on, July 12-1)0; Michigan, elevation of 
water, 1854—1875, table, n July 29-76. 
Land, drawing deeds and plans for, Jan 18 ; plans, metric sys. on, 
Dec 15-83; gov't quarter-section, sub-dividing, Z. A. Enos, 
July 26, n Aug 28-84 ; recording town plats in Mich. July 11 
-85. See also Surveying. 
Boundaries, the riparian question, Greeley, inset map, * Mar 

18-76. 
Dry, height and vol. of, depth and vol. of the ocean, J. Murray, 

Jan 14-88. 
New York city, value, ed. Mar 31-88. 
Plats, 111. law, Apr, vacation of, Dec 15-74. 
Reclamation, of tule land in Cal., Scowden, Sep 15; in Italy, 
drainage of Lake Fucino, Nov 15-74; salt marsh, C. Crooke, 
cor. May 8-79. 
Slips, causes, earthwork, Gaudard, Aug 15-75 ; and constitu- 
tion of earths, F. A. Mahan, translator, * Oct 2, 9, 28-80 ; the 
Quebec land-slide, * Nov 2-89. 
Ijanding stages, Liverpool, Sep 15-74. See also Harbor eng. 
Land surveying, law and legislation, notes, Apr-Dec 15-74; de- 
cisions of Supreme Court, Feb 15, Apr 15, May 15, July 15, 
Sep 25- Dec 15-75. See also Surveying. 
Lands, U. S. public, sys. May 15-July 15-74. See also Sur- 
veying. 
Lane, Moses, por. * May 17, 17-90. 
Lapbaiu, L A., memorial, Jan 1-76. 
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liatimer, Charles, por. * Apr 7-88. 

Laundries, Paris, Mar l;i-80. 

Lead. See Metals, lead. 

Le^irAl decisions, notes, Oct 11-25, Dec 13, 20-90. 

Lenifth, standard of, in Chicago (surveying), Aug 15-74. See 

also Weights and measures. 
Lesseps, De, Ferdinand, Aug 2-79; in N. Y. Feb 28-80. 
lii^irlit, contractor's portable, * Nov 16-89. See also Electric 

light, 
liiglit-houses. See also Wave pressure on structures. 
Bishop's Rock, lantern, Douglass, June 5-80. 
Delaware Bay, 14-ft. bank, foundation, Oct 31-85. 
Dhu Heartach, Sep 2-70. 
Diamond Shoal, Outer, Cape Hatteras, N. C, proposed, Oct 5 

-89 ; inset, * July 2(J, 2(i, Aug 2, inset, * l)-90. 
Eddystoxi:, J. N. Douglass, n Oct 3-78 ; * Oct 18-79; Doug- 
lass, Apr 19-84. 
Floating, Mar 3-77. 
Illumination by elec. light, comparative cost, J. N. Douglass, 

Apr 19-79. 
Japan, Brunton, July 14-28, Aug 11, 18-77. 
Hatteras light contract, ed. May 31-90. 
Minot's Ledge, Cohasset, Mass., J. G. Barnard, Apr 5-79. 
Race Rock, New London, Conn., building, Feb 7-78. 
Stability of stone structures, W. H. Searles, * Sep 6-79; E. 

Schmitt, cor. * Dec 6-90. 
U. S. establishment, rep. Nov 5-81. 
Liprlitiiii?, the Wells system, * Aug 10-89. See also Electric 

lighting. 
Locomotives, fireless, principal kinds of, Lavoinne, * Feb 15, * 

22-79. See also Railway locomotives. 
Logrgiug on Columbia river, June 23, July 7-83. 
Lo^iT^s, loading on cars, M. C. B. standard, * Nov 1-90. 
London. See also Eng. munic. ; Pavements; Railways, st.- 
underground; Sewers; WATER-supply, etc. 
Board of works, rep. May 30-85. 
Bridge travel in, n Sep 8-83. 
Buildings, cost per cu. ft., Isaacs, Oct 1-87. 
Growth, Aug 15-85; July 22-88. 
Highways and travel, Dec 1-83. 
Municipal and san. eng., Aug 28-80. See also Eng., munic. 
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London, Passenger traffic, Sep 10-87. See also Railways, 
street pass, traffic. 
Population, Feb 13 ; size and extent, Sep 12-86. 
Smoke, value, n Dec 6-90. 
Street traffic, July t)-iH). 
Subways and streets, Aug 12-82. 
Water Co.'s remarkable history, Aug 17-89. 
Lubricating^ oil purifier, * June 21-$>0. 
Lubrication. See Friction and lubrication. 
Lumber and fire-wood, metric measurement of, C. H. Swan, cor. 

Apr 15-82. 
Luminous paint, n Oct 1.5-81. 
Lydecker, Garrett L. May 20-82. 

Machine effect, real and apparent value of, J. Richards, Aug 19 
-76. 
Shops, Austrian regulations for, May .S1-90 ; slow burning con- 
struction, Bost. Manuf. Mut. Fire Ins. Co. * July 2(J-90. 
Tools, at Phila. exhib. July 29, Aug 5, 20-70 ; power used by, n 
July 19-90. 
Machines, topography of, O. Smith, July 25-85. 
Magnetic motor deception, Feb 22-79. 
Ma^n^etisni, Mar -75. 
Malaria, Hudson river valley, how produced, Oct 24-78 ; nature 

and source. May 6-82. 
Mangranese. See Metals, manganese. 
Manufactures in U. S., growth, n Oct 11-90. 
Map reproduction, photographic, Davanne, May 9-85. 
Maps, relievo, manuf., Cortez, Jan 24-85 ; plotting contours, Lori- 
mi, cor. diag. * P^eb 23 ; making topog. relief maps, cor. 23-89. 
Marine engineering, including Naval eng. See also Harbor 
eng. 
Boats, submarine, Nordenfelt, Oct 24-85. See also Marine 

life-steam- torpedo -tug boats. 
Boilers, effic. of some types of, W. M. Chambers, * Jan 31-78 ; 

forced draft in, ed. Feb 22 ; oil fuel in, Feb 1-90. 
British and Am., ed. Jan 20-89. 
Camel for lifting ships, n Dec 15-75. 
Coast survey, U. S. Sep 3-81. 
Collision apron, the Schultz, Jan 7-88. 
Constructions, concrete in, June 10-83. See also Harbor 
eng. 
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Marine Distilling ap., fresh water, * May 12-88. 
Diving, deep, Capt Falcon's observations and experiences, sup. 

June 15-75. 
Engines, str. City of Paris, accident, * May 3-90. 

CoNffECTiNG rods. Mattes, * Sep 1-88. 

Steam expansion, weight as affected by, Oct 30-86. 
Explosions, submarine. Flood Rock, N. Y. Oct 17, 31-85. See 

also Explosives. 
Gunnery. See Gunnery and armor. 
LiFE-boat, steam, Duke of Northumberland, * Sep 27-90. 
Nautrigon, the, and Sumner's method for det. a ship's position, 

Greene, * Apr 22-76. 
Navies, English, French and Russian, June 23-88 ; of Europe, 

table, May 30 ; European navy yards, rep. Nov 7-85 ; U. S., 

League Is. navy yard, rep., ed. and inset, * Nov 23, 23-:89. 
Navigation, inland, abroad, Tapscott, Apr 4-85; European, 

Feb 6-86. 
Oceans, of world, Oct 25-84 ; Pacific, abysses of the, Aug 3 

-89 ; currents, measurements by hydrometric wheel, Nov 14 

-85. 
Peninsula & Oriental Co. June 26-86. 
Screw propellers, effective area of screws, D. S. Jacobus, Aug 

3-90 ; hist, and inventor of, n Sep 24-81 ; negative slip in, H. 

C. Pearsons, cor. * May 2-78. 
SEA-water, making potable, June 27-85. 

SHip-building, H. C. Pearsons, cor. * Dec 16-82 ; the world's in- 
dustry, Sep 6-90; on Clyde in 1888, Jan 26-89; on the lakes, 

Apr 19-90. 
Shipping, mercantile, of world, Sep 14-89. 
Sounding, deep sea ap., S. N. Stewart, * Sep 2-82. 
Steamboats, boating chronology, Jan 24-85 ; early (Am. Eng.), 

* Jan 13, 20-77. 
Steam shipping, prog., 25 years' review, A. Holt, May 16, 30, 

June 6-27, July 4-25, Aug 1-29, Sep 5, 12-78. 
Steamers, Atlantic, new class of, Aug 17-89. 

City of New York, dimens. Aug 11-88. 

City of Paris, Inman, pumping mach. of, Apr 20-89; acci- 
dent, R. Gillham, and ed. Apr 26, 26-90. 

City of Rome, dimens., n Nov 5-81. 

Great Eastern, a marine white elephant, Nov 12-81 ; value 
to break up, n Dec 15-88. 
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Marine Steamers, IcE-breaking str. Nog^at, on river Vistula, F. 
D. Devrient, * Sep 6 ; G. W. Pearsons, cor. * Oct 25-00. 
Steering, Homig's direct power sys. * Mar 23-89; screw, 

the Kunstadter, * Oct 25-00. 
Texas battle-ship, casting low press, cyl. for, * Nov 29-90. 
U. S. twin screw steel cruiser, Sep 4-86 ; new protected cruis- 

ser, n Sep 2O79O. 
WAR-ships, design in England, * Aug 24 ; the Ward ram for, 
June 1-89. 
Towage by endless chains, Jan 12-84. 
Yacht, Livadia, the Czar's, July 10-80. 
Masonry construction, cost in detail, Dec 8-88. 
Materials, factors of safety, A. F. Hill, Feb 4-82 ; formulas of 
resistance, Aug 20, Sep 10-81 ; tests of structural, U. S. Bd. 
proposed, Apr 15; testing and testing machs., T. Cooper, Aug 
12-82; strains in, Percy, * Sep 8-88. See also Testing 
machine and names of materials. 
Mason, Eddy D., por. * Feb 15-75. 
Massachusetts boundary, Oct 25-84. 
Mathematics, applied, ed. Mar 18-82. 
Algebra, origin of letter X, Ritter, Sep 3-87. 
Arithmetic, early, Aug 22; Nov 7, Dec 19; rapid cals. Nov 14 
-85; curiosities in figures. Dee 29-88; peculiarities of the 
fig^e 9, Hill, cor. Feb 2-89; Hindu, May 10; the number 
142, 857, cor. n Oct 25-90. 
Conic sections, quadrature of, Cobbert, Feb 12-76. 
Geometry, polygon construction, Oct 11-84; theorem and 

proofs, * Jan 26, Mar 9-89. 
Trigonometer, graphic, E. A. P. Adams, Sep 11-80 ; Leschorn, 

diagram, * Nov 24-88. 
Trigonometry, graphical, Foster, * Aug 31-89; plane, Mar, 
May -75. 
McAlpine, Wm. J., por. * Mar 8-90. 
Measuring, new planimeter, H. Shaw, * Oct 13-88. See also 

Instruments ; Surveying ; Weights and measures. 
Mechanical engineering. See Engineering, mechan. 
Mechanics' Institute, N. E., E. Atkinson's addr. Sep 9-82. 

Problem, Trautwine, May 9, 16-85. 
Mei^^S, Henry, Oct 20-77. 

MeigrSy Josiah, and the U. S. Meteorological Bureau, June 14-90. 
Men, power of, the sp)anograph, n June 30-83. 
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MeuMuratioii, trapezoidal section, method of finding depth of 

half area, W. Michel, « May 24, * 31-»0. 
Meridian, determination of true, Dec 12-85. 
Metal interests in 188C, ed., stat. Jan 2r)-$M>. 
Metals. See also Iron and Steel; Metallurgy; Steel; 
Testing machine. 
Aluminum, Jan 12-84; alloys by Heroult proc. Sep 8-88 ; Feb 
16-80; and the Grabau proc. Jan 11 ; bronzes, ^iiag. ♦ Feb 8; 
properties, etc., Hunt, 22, Mar 1 ; transverse strength, tests, 15 ; 
alum, steel, strength, etc. (full), Oct 11 ; comparative cost, Nov 
1 ; production, Hall proc. * 8-00. 
Bronze, composition of, for mach., n Jan 4-70; tempering. 
Mar 1-84; manganese bronze and phosphor. May 23-85; 
aluminum bronzes, diag. * Feb 8-90. 
Copper, in U. S., 1872-'82, July 21-83 ; production of world, 
1879-'88, Feb 2-80 ; manuf. by electro-deposition, F. E. and 
A. S. Elmore pat. Oct 18-00. 
Delta metal, tests, German, Sep 6-84 ; July 26-90. 
Gold and silver production, n Oct 15-74; production, 1877, 

Feb 14-78. 
Lead production, 1877, Feb 14-78. 
Manganese bronze and phosphor, May 23-85. 
Nickel steel. Am. Dec 13-90. 
Phosphor and manganese bronzes, May 23-85. 
Platinum, Dec 20-00. 

Silver production, n Oct 15-74; 1877, Feb 14-78. 
Meteorology, the U. S. Signal service, May (>, 13-76. See also 

Storms. 
Metric system. See under Weights and measures. 
Mexico, City of, drainage, * Apr 5, 12-90 ; the floods in, ed. July 
7 ; new and old, naming of streets in, * Dec 8 ; people and pros- 
pects, ed. Feb 11-88 ; pub. works and people, Jan 12-84. 
Military engineering, submarine mines for harbor defence, H. L. 
Abbott, bk. n May 27-82. See also Armor; Explosives; 
Fortifications ; Gunnery. 
Mill floors and supports, C. J. Woodbury, Nov 12-81. See also 

Building. 
Milling^ mach., heavy universal, Pedrick & Ayer, * Dec 6-90. 
Minerals, products of U. S., 1885, Oct .30-86. 
Mine accidents, Parent, Aug 29, Sep 5-86 ; (ventil.), Sep 25, Oct 
2-30, Nov 6-27, Dec 4, 11-86. 
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Mine Fire bulk-head, Rolker, May 2-85. 

Legislation, results of (safety), n Aug 23-90. 
Miner's inch of water in U. S. Dec 6-90. 
Mines, Butler, fire, map, J. W. Berry, * Apr 10-80. 
COMSTOCK lode, 3,000-ft. shaft, Aug 29-85. 
Copper, L. Superior, E. B. Hinsdale, Oct 25-90. 
Diamond fields of So. Africa, June 80-83. 
Mining: engineering, Bramall, Dec 13, 20-84; Culley, * Mar 10 
-88. See also Blasting ; Explosives, Tunneling. 
Blasting, submarine, Laner's method, Specht, Aug 23-84. 
Compressed air, by, Johnson, Apr 11-85. 
DiviNiNG-rod, Raymond, Sep 29, Oct 6, 20-83. 
Drill hole tamping with plaster of paris, Easton, Aug 9-84. 

See also Mining, rock drills. 
ORE-dressing by electricity, Tilly Foster mine, F. H. McDowell, 

Oct 4-00. 
Products at Silver Cliff, Cal., A. Black, cor. July 5-79. 
Prospecting in soft ground, economical method of, Ruttman, 

July 6-89; water-witching, Latimer, Feb 5-70. 
Rock drills, Barrow, Dec 12-85 ; Githen's, Mar 26-87. 
Shaft sinking, through quick-sand, England, Ritson Wilson, 
Feb 2 ; by freezing, Poetsch method, June 7, July 5-84 ; Aug 
3-89 ; through water-bearing loose materials, J. E. Mills, Apr 
25-85; Parker, Dec 3-87. 
SHOT-firing in mines, theory, Chalon, * Jan 14-88. 
Submarine blasting, Laner's method, Specht, Aug 23-84. See 
also Harbor eng. 
Mining: Engineers, Am. Inst., pro. Mar 4 July 1, 8, Nov 18, 25 
-76; June 6-78; Feb 22-79; Feb 21-80; Feb 10, 26-81 ; 
June 16-83 ; Mar 3-88. 
Miningr and Metallurgical Engineers of three nations, N. Y., pro. 

Oct 4, 11, 25, Nov 1, 8, 22-90. 
Montreal, pub. improvements, n Mar 18-76; city rep., n Nov 13 

-86 ; and the Victoria bridge, July 12-79. 
Monuments, the obelisk, raising of, Oct 30-80 ; dimens. Jan 29, 
moving. Mar 19-81. 
Washington, and others, Dec 15-83; Dec 27-84; Mar 14, 
28-85; strengthening foundations, * Feb 7, n 14-80. See 
also Towers. 
Moon, investigations, G. H. Darwen, Aug 19-82. 
Morley, WilHam K. Jan 27-83. 
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Mortars. See Cements and mortars. 

Municipal monopolies, Jan 4-90. Eng., see Eng., municipal^ 
Murdoek, William, Dec 1-83. 

Nail mill, the Benwood, Wheeling, W. Va. Mar 31-77. 
Nails, tenacity of, Apr 24-86. 
Naval engineering. See Marine engineering. 
New England pop., movements of, ed. Oct 11-90. 
New York City contract frauds, Dec 15-83 ; the past and future 
of, ed., pop., tables and stat. Apr 22, growth, etc. * May 5, 
12, 19-88. See also Bridges, Brooklyn; Buildings; En- 
gineering, municipal ; Paving ; Railways, elevated — street ; 
Sewers ; Water supply. 
Brooklyn and, relative residence areas, inset map, metropoli- 
tan development, ed. Mar 17, 17; growth, ed. Nov 8-88. 
Buildings, Jan 5, Mar 81-84; building prog. July 2; munici- 
pal, Dec 3-87. 
Death rate, Jan 11-90. 
Mayor's message, Jan 0-86. 
Passenger movement, diag. * Feb 18-88. 
Public works bd. rep. Mar 15-84; Mar 7, June 13, Nov 21 

-85 ; Feb 18-86. 
Rapid transit, travel growth, Haupt, Nov 8-84; the transit 
problem, cor. * July 27 ; Commission problems, Aug 10-89 ; 
facilities, ed. Jan 4-00. 
Real estate, lot value, n Oct 26-89. 
Riverside drive. Commission rep. Jan 4-79. 
Street cleaning bill, June 18-81 ; dept. Feb 1-90. 
Subways, pipes under ground. Wall and Nassau sts. * Aug 26 
-82, at Broadway and Fulton sts., inset, * Nov 1-90. See 
also Electric wires, underground. 
Tenement houses, Oct 2-86. 
Terminal facilities, Nat. Dock Ry. July 31-80. 
Traffic, travel growth, Haupt, Nov 8-84, Feb 21 ; Broadway 
traffic, n July 11 ; growth, Nov 7, 28-85, Oct 15, notes, Dec 31 
-87. 
New York State, Penn. and N. J. boundary lines, Oct 20-83 ; 

and Penn. boundary survey, Oct 25-84. 
Niagrara Falls, retrocession of, Pohlman, Dec 15-88. 
Nickel. See Metals, nickel. 
Nitrate deposits of Chili, G. G. Walker, rep. June 14-90. 
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Ocean currents, measurements by hydrometric wheel, Nov 14-85. 

See Marine eng., oceans. 
Oils. See ExcaxKERiNO, mechan., friction; Petroleum. 
Oklahoniay new territory, Apr 20-89. 
Ottawa, Canada, its past and present, Jan 24, 31-78. See also 

Water- works, Ottawa. 
Oxygen extraction from the atmosphere, * Apr 12-90. 
Pacing.^ See Steps ; Walking. 
Painty luminous, expts. with, Morton, May 28-81 ; Oct 12-89; 

white, new silicate, T. L. Phipson, May 31-79. 
Panama, Chamberlain, Nov 3-83. See also Canals, Panama. 
Paper, from sawdust, Dec 27-84; sulphite fibre or pure wood 

cellulose manuf., Michaelis, June 29-89. 
Paris, France, buildings, people and poverty, Jan 12 ; pop. stat. 

Dec 27-84; Met. Ry. n Aug 15, and traffic, Haag, Aug 22; 

sewage util. Nov 7-85 ; st. cleaning, July 4-78 ; Feb 5 ; water 

and tramway stat. n July 16-87. See also Engineering, 

munic. ; Paving ; Railways, st. ; Sewers ; Streets ; Wat- 
er supply. 
Patent law of BrazD, Nov 11-82 ; U. S. office, rep. Sep 10-87 ; 

business, n Dec 13-90 ; violation of, large decree for, Tilgh- 

man glycerine pat. n Mar 31-88. 
Paving and pavements. See also Asphalt; Engineering, 

municipal; Roads; Streets, and names of cities. 

Street pavements, Cunningham, May -75; Gilmore, Feb 19; 

review of various systems, R. Moore, May (5, 20, 27, June 3 ; 

Shanly, July 15; new, Cobb, Aug 12-76; Dec 1-77; spec. 

May 20-82 ; Kerr, July 19-84 ; paving, Aug 21-86; Sargent, 

Sep 24, 24-87 ; Torry, Feb 2-89. 
Asphalt, and its applic. to st. paving, E. B. Ellice-Clark, May 

1-80; cleanliness, cheapness and comfortableness, M. C. 

Meigs, Jan 28; of cities, Am. Asphalt Co. Apr 29-82 ; asphalt- 

um, Feb 10-84; Feb 28, vs. wood. May 30-85; and stone, 

relative safety. Mar 13-86; Jan 21 ; in Berlin, Hering, Dec 15 

-88 ; on concrete, N. Y. Nov 10-89. 
Berlin asphalt pavements, Hering, Dec 15-88 ; paving, Dec 13 

-90. 
Brick, Billingsly, Feb 2; Hale sys. of, Aug 3; Ryan, June 15, 

29; discuss. Dec 21-89; Nebraska City, Neb., spec. Mar 29; 

tests of, W. G. Potter, June 21 ; bricks and brick pavements, 

C. P. Chase, July 19, * 26-90. 
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PavingTy Ceramite as paving material, Gonvy, Mar 20-86. 

Chicago, 111., spec. Sep 15-75 ; Sep 24-87, 

Cleveland, O. Jan -75. 

Composite, Mar 29-84. 

Cost of, wood, Feb 14-85 ; J. W. Howard, Mar 15-90. 

Detroit pavements, rep. Mar 29-00. 

FiRE-brick, Culley, notes, * Mar 1, spec. 8-00. 

Granite, N. Y. city, ed. July 15-74 ; granite block, Westmin- 
ster St., Prov., R. I., City Eng'r's rep. Feb 11-82. 

GuiDET, N. Y. and Brooklyn, Apr 1-82. 

Hale system of brick, * Aug 3-80. 

HoRSELYDOWN, England, specs. July 8-82. 

Kansas City, Dec 13-84. 

London, Sep 12-78; Bedell, July 5 map, Stayton, Nov 22, 29» 
Dec 6, 13-84. 

New Haven, Conn. Oct 28-76. 

New York, Fifth Ave. Oct 2, 9-86. 

Paris, June 13-78 ; wood, Sep 29-83. 

Pelletier, a. Mitchell and C. S. Waller, cor. Feb 11-82. 

Philadelphia, rep. Aug 9-84; paving, Jan 15-87. 

Rock asphalt, N. Y. Sep 28-80. 

Slabs, paving, Hudson river blue stone, Nov 29-00. 

Stone, granite, N. Y. city, ed. July 15-74; Prov. Feb 11-82; 
and asphalt, relative safety. Mar 13-86; a noiseless stone 
pavement, D. Nicolls, Aug 2 ; slabs, Nov 29-00. 

Prices, Neb. Feb 20-86. 

Road paving material, Campbell, Apr 24-86. 

St. Louis, and Markland, June 6-85. 

Standard, spec, U. S. rep. Mar 10, 17-83. 

Tar, Apr 17-86. 

TELFORD-Macadam, * Sep 7-80. 

Valuation of road metal and setts for, Stock, Sep 22-88. 

Wood, as a material under heavy traffic, O. H. Howarth, July 5 
-70; wooden, of Chicago, Oct 20-77; E. A. Fox, Jan 10, 17 
-78; Paris, Sep 29-83; London, Bedell, July 5, map. Stay- 
ton, Nov 22, 29, Dec 6, 13-84 ; cost of, Feb 14-85. 
Pennsylvania industries, Oct 16-86. 
Peru, debt, July 30-87. 

Petroleum, Am. stat. May 31-84 ; pipe lines, Nat. Transit Co. 
June 13; transportation by pipe lines, France (naphtha indus. 
in Caucasus), Sage, Aug 1-85 ; Russian vs. Am., n Nov 13 ; 
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Petroleum, Russian, Tarbutt liquid fuel, n Nov 20-86 ; burn- 
ing. Aerated Fuel Co.'s sys. * Nov 30-89. 

Petroleum engine, Priestman, * Nov 17-88. 

Philadelphia, Pa., drainage, Hering, Mar 21-78; highways 
imp. Jan 2-86 ; mayor's message, Fitler, Oct 12-89 ; public 
buildings, Oct 9-86; pub. works, Aug 2-90; travel (rapid 
transit), Hauptj-^Nov 8-84. See also Engineering, munic; 
Paving; Sewers; Streets; WATER-works. 

Phosphor-bronze. See Metals, phosphor-bronze. 

Photognraphy, engineering, Humphrey's, June 14-84. 

PUe-driving, to resist the force of ice, James, Sep 15-76 ; ap., 
Weber, June 24-76; N. Y. city river walls, * June 26-80; 
cutting machine under water, Clarke, Jan 27-83 , Apr 2-87 ; 
machs. June 10-8:^; formulae, Trautwine, cor. Mar 16, May 
11-89; factors of safety, Dec 29-88, ed. Apr 6; South st. 
bridge, Phila., * Oct 19, 19 ; cost of, Baker, Dec 14-89 ; and 
ditching plant, Om. & St. L. Ry., inset, » Aug 16-90. 

Pile-sawing machine, * June 26-80. 

Pile-sinking, jet and screen dike, Missouri river dom. ♦ Dec 6-90. 

Piling, sheet, Wakefield's, Mar 1, Harris, cor. * 22-90. 

PUes. See also Building; Foundations ; Harbor eng.; Tres- 
tles. 
Bearing piles, formulae, R. Hering, Feb 14, Mar 14, 21, 28, ta- 
bles, Apr 11, 18, May 30, erratum June 13 (p 192), -78; formu- 
lae, cor. Oct 27 ; formulae for safe loads, Trautwine, cor. and 
ed. Dec 29-88; in Japan, May 10-84; Beckler, Aug 7-86; 
safe load on, Jan 19-89 ; safe bearing load formulae, ed. Dec 
28-88 ; supporting power of, in Holland, May 30-78 ; tubular, 
LeGrand's, * Apr 19-79. 

Pipe joints, lead, calking, Aug 30; Holmes' flexible, * Nov 22; for 
spiral weld, steel, * May 31-90. 

Pipes, cast iron, internal corrosion of, B. Jamieson, * Sep 17-81, 
and pipe flanges, dimens., Codman, * Jan 12-89; and cylin- 
ders, strength of, ed. July 15-75; spiral weld steel, joints for, 
* May 31-90. 

Pittsburgrh, Pa., objects of interest, Aug 4, 25-77; riots, cost 
of, n Oct 23-80. 

Plaster, hardening, Mallion, Paris, Aug 8-85. 

Platinum. See Metals, platinum. 

Pneumatic dispatch in London and Paris, n Apr 15-76. 

Poisons, antidotes for, chemicals used in manufs. Dec 11-86. 
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Pole road locomotives, Mar 2-89. 

Population, finding the center of, n June 15-89. See also names 
of places. 

Power, distrib., by compressed air at Birmingham, England, Oct 
16-86 ; hydraulic, plants for, Aug 23-90. 
Meter, Boys (Liverpool Eng. Soc), Mar 15-84. 
Transmission, hydraulic, London, Feb 6-86 ; utilization, Niag- 
ara, n Nov 29-90. See also RoPE-driving ; Wire rope. 

Presses, drop, foundations for, Gorham Mfg. Co., Prov., R. I. * 
Feb 22-90. 

Pressure gauges, open mercury column for, high pressures, W. 
W. Bird, * July 19-90. 

Prices. See Food ; Labor. 

Printing machine, the electro-matrix, Apr 13-89. See also 
TvPE-setting machines. 

Prismoidal formula, June 5-86. 

Providence, R. I., early history, Apr 17, ♦ 24, * May 1, 22-80 ; 
city rep. Jan 19-84 ; pub. works, Apr 10-86. Sec also Engi- 
neering, munic; Paving; Sewers; Streets; Water-wUs. 

Public works dept., U. S., W. F. Smith, June 11-87. See also 
United States. 

Pulley block, Weston's triplex spur-gear, * July 26-90. 

Pulleys, balancing. Rose, * Jan 3-80. 

Pulsometer, C. H. Hall's, June 7-79; » Dec 18-80. 

Pumping:, by contract, May 10-79 ; hot water. Coles, June 27 
-85 ; pumping dredge, Jan 30-86. 

Pumping: engines, Birkinbine, Apr 28-77 ; different systems, in- 
set; * Aug 15-78; correct tests of, Sep 6-79; pumping by 
wire rope transmission, Aug 30-84; and mach. for water- 
wks.. Pond, May 30-85 ; steam, selection of, Wolff, Sep 25 
-86; early Am. pumping plant, Phila. Apr 16-87. 
Bethlehem, Pa., a monster, 3,200 H. P., Lehigh Zinc Co., n 

July 29-76. 
Boston main drainage works, inset, * May 8-80. 
Brooklyn, N. Y. June 24-82 ; Davidson, test, Nov 8-84. 
Buffalo, N. Y., Holly mach. Dec 19-78 ; water-wks. spec, 

proposal, Aug 7-80 ; and testing, spec. Oct 6-83. 
Burlington, Vt, high service motor, Parker, Oct 1-87. 
Chicago, 111., West Side, Mar 17; test, July 7; Fullerton Ave. 
conduit specs. July 21-77 ; West Side, tests, Jan 31 ; triple 
expan., inset, * May 31-90. 
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Pumping Engines, Compound, power of, tables, J. W. Hill, Apr 
27-89. 

Corliss, at Pettaconsett, R. I. May 27-82. 

Cornish, Rumford, cor. Mar 7-78. 

Davidson, test, Brooklyn water-wks., N. Y. NoV 8-84. 

Detroit water-wks., compound beam, specs. Dec 25-80. 

Duty, S. McElroy, cor. Feb 14, Mar 21, May 23-78; duty 
trials of, May 25, June 9-88 ; Barms, Jan 19, 26-89 ; stand- 
ard method of conducting trials. Am. Soc. M. E. com. rep. 
May 17, 31-90. 

Fall River, test, n Dec 16-76. 

GASKiLL,-Holly, test rep. July 14, Sep 1-83; Saratoga, N. Y. 
Apr 26-84 ; duty and capac. test, rep. * Feb 18-88. 

Holly, Dec 19-78; Holly-Gaskill, test, rep. July 14, Sep 1 
-83, Saratoga, N. Y. Apr 26-84. 

Kalamazoo, Mich., record, July 24-80. 

Lawrence water-wks., Mass. * Sep 5, 12, 19-78. 

Lowell water-wks., Mass., J. P. Davis, June 10-76. 

Lyxn water-wks., Mass., Leavitt, * Aug 15-75. 

Montreal water-wks., cost of pumping, 1889, Dec 6-90. 

Nashville, Tenn., rep. test, July 19-79; bids, Dec 2.3-82. 

New Bedford, Mass., Worthington, Jan 26-86. 

Pawtucket, R. I., Corliss, performance, n Feb 1-79. 

Performance of best modem vs. Cornish of 1840, Denton, 
Dec 28-89, * Jan 4, 18, * 25, Feb 1, 8, 22-90. 

Philadelphia, early Am. pumping plant, Apr 16-87. 

Pittsburgh, Feb 22-79. 

Proposals, table, Feb 4-88. 

Providence, R. I., high service, Nagle's, * Oct 7-76; Cor- 
nish, Apr 12-79. 

Richmond, Va. Oct 15-81. 

St. Louis water-wks. and boilers, specs. Aug 7-86. 

Saratoga, N. Y., Holly-Gaskill, Apr 26-84. 

Screw, Milwaukee flushing tunnel, * Mar 8-90. 

Will AN s' central valve triple expansion sewage, * Mar 9-89. 

Worthington, duplex, at Lowell, Mass. * Aug 1-78; New 
Bedford, Mass. Jan 26-86; compound condensing, June lo 
-85 ; high duty, expts., Marr, Nov 6-86 ; high duty, * Aug 
17, attachment, * 31-89. 

Yonkers water-wks., and boiler, spec. July 3-80. 
Pumps. See also Pulsometer. 
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Pumps, Buffalo Steam Pump Co. com. duplex hydraulic, ♦ Dec 
18-$K). 
Gary steam and vacuum, * Apr 4-78. 
Hall duple!>c, » Mar 3-88. 
McPherson steam vacuum, * Oct 3-78. 
Puzzle, the 15, Mar 13, 20-80. 
PyraniiclH, great, of Gizeh, Mar 21-85. 
Quarry blast, big. So. Beth., N. Y. * Sep 21-80. 
Quarrying mach., new bar channeler, * Apr 13-80. 
Query box, grades on curves, etc. Oct 31-78. 
Race-track construction, C. Holmes, * Aug 2-79; race course 

construction, Allarde, May 31-84. 
Rail creeping on St. Louis bridge, Johnson, Jan 3-85. 
Fastening, the Cox tie-plate and, * Nov 23-80; and track, In- 
ter-state Rapid Trans. Co. * Apr 28-88 ; Penn. R. R. * May 
11 ; Venezuelan Rys. * Aug 3-80. 
Frog, spring, Penn. Steel Co., 1888, * Dec 15-88. 
Joints, rail joint question, ed. * Dec 28-80; breaks, Becker, 
Mar 21-85; Den. & Rio Grande standard, * Oct 18; Fisher 
bridge and imps. * 27; the Foster "bridge," Oct (5-88; the 
Morgan, * July 13-80 ; N. Y. C. & H. R. R. * Apr 21-88 ; N. Y. 
L. Erie & Western standard, * Sep 27-00 ; adjustment panel, 
Pough. bridge, * Feb 23 ; the Thomson, * June 1-80 ; Weber 
joint tests, Roadmaster's Assoc. * Dec 20-00. 
Lifting device, Cito and Funck's, * July 12-00. 
Nut lock, the Dill, * Sep 1-88. 
Saws, portable, * Feb 23-80. 

Sections, Hanks, various designs and ed. Mar 0, 9; and wheels, 
forms of, * May 11, proper relations of wheels to, rep. July 0; 
proper design of, Delano, June 8 ; standard, ed. Aug 3-80 ; 
flat top, suggested, J. Churchward, n * Nov 22-00. 
Berlin Ry., new rails of, * July 2G OO. 
Chic, Burlington & Q., oO-lb. * Aug 23-00. 
Chic, Mil. & St. P. standard, June 25-87; * Mar 30, 30 

-80. 
Chic & No. Western, and expt. wheel tread, C, M. & St. P. * 

Mar 30, 30-80. 
Goliath and steel base plate, Sandbergs, * Nov 9-80. 
Kentucky Union R. R. * Mar 10-80. 
New York, L. Erie and W. * Feb l-OO. 
Penn. R. R. Aug 13-87. 
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Bail Sections, Prov. & Worcester, Mar 19-87. 
ViGNOLES, the first, * Nov 2-89. 

Wheels and, relations, rep. * Nov 3-24-88 ; Am. Soc. C. E. 
com. rep. ♦ June 22-89. 
Testing in Russia, Nov 28-86 ; a practical sys. of tests, ed, July 

21-88 ; foreign, Aug 23-90. 
Trade in U. S. June 20-85. 
Bails, Belgian, 110-lb. May 21-87. 
Consumption of, yearly, U. S. Sep 17-81 ; etc., Tratman, July 

20-89. 
English vs. Am. Dec 19-85. 
Forms, wt., manuf. and life of, Welch, second rep. Dec 15-75 ; 

Feb 26-87. 
Life of, Welch, Dec 15-75 ; German, stat. Jan 12 ; conditions 

in manuf. which influence, * Sep 21-89. 
Sleepers and, Sandberg, Mar 20-86. 
Steel, Sandberg, Inst, of M. E. pro. Aug 23-90. 
Cost, Nov 8-84; of manuf. at Edgar Thomson steel wks., 
1887, Scott, n June 9-88; comparative cost of manuf. in 
Penn. and in England, Schoenhof, Consular rep. Feb 9 
-89. 
Foreign practice as to, and rail tests, Aug 23-90. 
Hardness of inside and outside, comparative, tests and ed. * 

Apr 13, 13-89. 
Industry of Chicago, Jan 13-77. 

Manufacture, Welch, Dec 15-75; and specs., R. W. Hunt, 
* Dec 1-88 ; conditions in manuf. which influence life of, * 
Sep 21-89. 
Rolling, D. K. Nicholson, * May 3-90. 
Wear of, in India, ed. Jan 21-88 ; and tires, N. E. Ry. Club 
pro. * Oct 19-89 ; different grades, J. W. Post, Netherlands 
Rys. Apr 26 ; in Swiss tunnels, n Oct 11-90. See also Rails, 
worn. 
Weight of, and breaking of iron, Chanute, Aug 15; Dec 15-75. 
Wheels and, proper relations of, rep. * Nov 3, 24-88 ; relations 

of. Am. Soc. C. E. com. rep. * June 22-89. 
Worn, May 14, Oct 8-87. See also Rails, steel, wear. 
Bail way accidents, Ashtabula bridge disaster, ed. Jan 6-27, Feb 
3, 10, coroner's verdict, Mar 17, n May 26, discuss. Am. Soc. C. 
E.Aug 18, Sep 1,8-77. 
Atlantic & Pac, remarkable boiler explosion, * Jan 14-88. 



60 RAILWAY ACCIDENTS. 

Railway Accidents, Bridge accidents, Feb 21-78; a good bridge 
in distress, Stowell, * July 7; a small bridge failure, B. & O. * 
Nov 17-88; failures of 1888, Stowell, and ed. Mar 30-89. 
See also Rv. accidents, under names of places, etc. 
British, in 1888, Sep 21-89. See also Ry. accidents, English. 
Buzzp:y bridge, (Forest Hills; Roslindale), Bost. & Prov. Mar 

19, 20, Apr 2-aO, May 21-87. 
Canadian Rys., Can. Pac. bridge, Sep 3-87; personal inju- 
ries, June 23-88. 
Chatworth bridge, Aug 20 : as seen through French specta 

cles, Sep 17-87. 
Collision, Apr 9-87. 

Derailments, on Can. So. div. Mich. Cen., for six years, ta- 
ble, Aug 10-90. 
Donc ASTER, England, map, Oct 1-87. 
Dynamics, question of. May 14-87. 
English, Doncaster, map, Oct 1-87; in 1887, Aug 25-88; 

in 1888, Sep 21-89. 
Farminoton disaster, Merriman, cor. Jan 31-78. 
Flat Creek trestle disaster, Knox, Cumb. Gap & Louis. * 

Aug 31, * Sep 7, ed. 14-89. 
Great Britain and U. S., stats. June 7-90. See also Ry. ac- 
cidents, Doncaster. 
Gulf, Col. & S. Fe bridge washout, cor. * June 9-88. 
Haverhill, Mass., B. & M. * Jan 14-88. 
Havre de Grace, P. W. & B., Penn. R. R., an instructive, 

June 25-87. 
Illinois river bridge, * Feb 22-90. 
La Salle, N. Y. bridge failure, * Mar 23-89. 
Marshalltown, Iowa, Iowa Cen. collision, * Nov 8-90. 
New York Cen., landslide, Apr 23-87. See also Ry. acci- 
dents, Spuyten Duyvil. 
New York, L. Erie & W. bridge failure, June 30-88. 
Pembroke, Ont., derailment near, * Apr 5-90. 
QuiNCY, Mass., Old Col., ed. Aug 30-90. 
Rkd river bridge derailment, * Apr 28-88. 
St. George disaster, G. T. * Mar 9-89. 
Seneca river, C. Y. C. & H., a bridge which did not collapse, 

* Nov 24-88. 
Spuyten Duyvil, N. Y. C. * Jan 21, 28, ed. Feb 4-82. 
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Railway AccroENTS, Tarriffville bridge, Farmington disas- 
ter, Merriman, cor. Jan 31-78. 
Track, safeguards against, Feb 12, 26-87, 
U. S. and Great Britain, stats. June 7-00. 
Urban'a collision, cor. * Feb 11-88. 
White river junction, B. & M., frt. train collision, * July 5 

-OO. 
White Sulphur Springs, * Jan ll-OO. 
Woodstock, Feb 12-87. 
Accounts and returns, Shinn, Sep 9-76. 
Appliances, Chic, exhib. June 9-83. 
Association, N. E. Roadmaster's, pro. Aug 18, 25-88. 
Brakes, and coupler reports, July 2; frt. train aut., trials, Bur- 
lington, May 21, 28, June 25, July 9, Sep 24, Oct 1-87; and 
aut. couplers, prog, in use of on frt. cars, tables, ed. and col- 
ored inset map, * Dec 21, 21-89. 

Air, piston travel indicators, Potts and Schroyer-Thompson, 
G. F. Swain, rep. * Dec 20-90. See also Ry. brakes, West- 
inghouse. 
Boy DEN power, tests, Feb 2, B. & O. 9-89. 
Shoes, tests, M. C. B. * Jan 25, proposed, ed. May 17, and 

testing mach., C. B. & Q. * 81-90. 
Westinghouse, tests, Nov 26, 26-87, German, Baden State 
Rys., Kapteyn's ap. * Apr 20-89 ; frt. train test, effic. record 
of, July 12 ; rigging, R. A. Parke, N. Y. Ry. Club pro. Dec 
20-SK). 
Bridge guard, rerailing, Buf. Roch. & Pitts. * Sep 13; guard 
rails, ed., J. A. McNicol, cor. * Oct 4, 4-90. See also Bridges, 
guard rails. 
Buffer, Westinghouse friction, tests, * Mar 1-90. 
BuiLDixc;, cost of building a Ry., E. Tenn. Vir. & Ga. July 8 
-82; irregularity of, Kent, Sep 27-84. See also Ry. con- 
struction. 
Car axle-box, Macnee's dust-proof, * Dec 15-88. 
Axles, etchings of, * Aug 22-78 ; and tender axle, M. C. B. 
standard, * Nov 29-79 ; effect of temp, on strength of, T. 
Andrews, * Feb 18, 18, 25-88. 
Builders Assoc, Master, pro. June 23-88. 
Chock for stopping, * Aug 9-90. 

Construction, steel plate and malleable iron in, M. C. B. As- 
soc, com. rep. * June 14-90. 
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Railway Car Couplers, the Keystone, * Nov 2-89 ; standard 
dimens. * Jan 28, M. C. B. * Apr 21-88 ; trials, May 7, rep. 
Dec 17-87 ; the Trojan, * Nov 29-90. See also Ry. brakes 
and coupler. 

DRAW-bars, ht. of, M. C. B. com. rep. June 28-90. 

Dump, Can. Pac. * July 21-88 ; rotating, * July 12-90. 

Electric light, Penn. R. R., inset, * Aug 23-90, 

Flanginc;, Sep 19-85. 

Freicjht, couplers, service record and ed. * Feb 15, 15 ; side 
dump, 80,000-lb. capac, N. Y. L. Erie & W., inset, * Apr 19, 
19; truck journal box bearing for 60,000-lb. cars, M. C. B. 
Assoc, com. rep. * June 14-90 ; spring tip trucks for heavy 
rock, * Oct 5 ; unloading by steam shovel, * 5-89. 

Heating, steam, systems, Conspl. Car-heating Co. ♦ Sep 6 
-90; non-pressure sys. * May 18-89; Apr 2-87; steam 
from the locomotive, com. rep. June 30 ; Baldwin, * Aug 18 
-88 ; Northwestern coupling and trap, * Mar 30-89 ; by 
direct steam, June 7, * Nov 22 ; prog, of steam heating (full), 
inset map and ed. * June 7, 7 ; Penn. R. R., T. N. Ely, * Nov 
15-90. 

Inspection, steam, Susquehanna Coal Co. * Aug 17; Penn 
R. R. * 31-89. 

Lighting systems, cost of, ed, and cor. May 25 ; with storage 
(secondary) batteries, A. Brown, July 6-89; electric, E. 
Sartiaux, Nov 1-90. 

Reform needed in cars and rolling stock, cor. Oct 28-82. 

Replacer, Reed's, * Jan 26-89 ; ;he Norwood, * May 17-90. 

Special, for Gruson armor plate, Apr 30-87. 

Standards, good and bad, June 9-88. 

Truck journal bearing, the Defreest, n, Piatt, Feb 14-80. 

Wheels, and axles, condemning, Penn. R. R. rules. Mar 9 
-89 ; good and bad rep. May 19-88 ; machined, N. Y. Car 
Wheel wks. July 12, * 19-90 ; M. C. B. standards, Aug 3 
89 ; N. E. Ry. Club discuss. Feb 22-90 ; paper, Feb 14 
78 ; crushing strength per sq. in., ed. May 26-88 ; worn, 
mileage of, Penn. R. R., diag. * Jan 12-89. See also Ry. 
locom. driving wheel tires. 
Cattle guard, Kan. C. & Om. July 30-87 ; the Merrill, * Apr 

19-90. 
Cinder loading plant, Cin. Wash. & Bait., E. Evans, * Aug 30 

-90. 
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Railway Commissions, Interstate Commerce, 3d rep. Jan 11-90 ; 
Missouri, Me. Mar 31 ; Kansas, Apr 14-88. 

Construction, American. See also Railway track construc- 
tion ; Railways, American. 
Curves. See Railway curves. 

Earthwork, Specht, Aug 22-85 ; comput., formula for, diag. 
* July 28, ed. Aug 18; a cross-section mnemonic, Echols, 
Sep 29-88. See also Earthwork. 
Frog location, proper, Avery, * Mar 22-90. 
Gordon's economical, discuss. July 31-86. 
Location, with taper curves, F. Olmstead, * July 21, 28-88 ; 

Wellington, * Jan 25, Feb 8-90. 
News and notes. See Engineering News files. 
Preliminary to track, from, Paret, Aug 11-25, Sep 1-88. 
Rapid, Abbott, Mar 28-86. 

Retaining wall, standard, N. Y. C. & H. R. R. * Nov 30-89. 
So. Penn. engineering, Jan 15-29-87. 
Timber consumption for, econ. of, Tratman, Nov 2-89. 

Contractors, Feb 16-84. 

Crossings, Buffalo, Oct 29-8 !• 
Collisions, July 30-87. 
Complicated, Minn. & St. Louis, * Dec 28-89 ; N. Y. Prov. 

& B. * Apr 26; Penn. R. R. * Mar 15-90. 
Grade, who should pay for the abolition of, Mass. Ry. Com. 

rep., ed. Aug 4-88. 
Mass. Ry. Commission rep. ed. Feb 23-89. 
Movable point, Wharton Ry. Switch Co. * Dec 14-89. 

Culverts, arch, I. D. & S. * June 8-89 ; box, standard and 
road beds, Kan. C. & Om. * Mar 3-88 ; and cattle guards, B. 
& M. * Aug 31, Can. Pac. * Aug 24; pile, and standard box 
drains, Or. Pac. * Jan 19-89; pipe, May 16-85, standard, 
Kan. C. & Om. Oct 22-87, Mar 31-88 ; proportions, Sep 18 ; 
timber box. Chic. Mil. & St. P. May 22-86 ; wooden box and 
cattle guards, standard, Or. Pac. * Jan 12-89. 

Curves, additional width of gauge on, T. Doane, Feb 19-81 ; 
adjustment of grades to, H. A. McClellan, cor. Feb 11, H. R. 
Glahn, cor. Mar 4-82 ; easement, rules for. Young, cor. Aug 
18 ; field notes, best form for, R. Burgess, Sep 22-88 ; eleva- 
tion of outer rail on, Latimer, June 9-77 ; M. E. Schmidt, cor. 
Feb 14-80 ; laying out, applic. of metric sys. to, E. Low, July 
5-79; length, difference in, of outer and inner rails on, ed. 
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Railway Curves. 

Feb 9-89 ; locating, cor. * July 1-82 ; metric, Oct 13-83 ; 

July 2-8 7 ; sharpest allowable, J. C. Kennedy, cor. Nov 6 

-80; sharpest in use, E. A. Hill, July 12-90; spiral, W. H. 

Fry, cor., diag. * Mar 11, 18-82; transition, J. K. Geddes, * 

May 28-81, Echols, cor. * May 4-89 ; trestle, a 24° curve on, 

J. H. Paddock, * May 10-90. 
DvNAGRAPH car, Dudley's, n July 21-7 !• 
Earthwork. See Earthwork; Ry. construction, earthwork. 
Economics, S. W. Robinson, July 1, 8-82. 
Embankments, failures in, J. W. Harrison, Sep 24-81 ; Ger- 
man, drainage of a, * May 10-90, See also Earthwork 

slips. 
Employes, wages in Indiana, Feb 23-89 ; accidents to, in Great 

Britain, table, ed. Dec 20-90. 
ENGiNEERiNCi, bridge repairing, Chanute, Nov 15-74. 
ENCiiNEERS, division and resident, ed. Jan 21-88. 
Fence, June 18-85. 

Forest supplies and railroads, relation of, Kern, Sep 15-88. 
Frogs. See Ry. construction, frog ; Ry. switches and frogs. 
Gauges, changing, N. Y. Penn. & O., A. Mordecai, July 17-80 ; 

in Am. Aug 9-84 ; of world, Dec 8-88. 
Grades, adjustment to curves, Whittekin, Mar '8-84 ; of world, 

profile chart, Sep 3-87. See also Ry. curves. 
History, first train. Bait. & O. Nov 8-84. 
Humor, early English, * Dec 27-90. 
Incorporations, U. S., 1882, Feb 17, 24-83. 
Interstate Commerce bill, Jan 29-87. 
Legislation in England, Tratman, Aug 1-85. 
Location, general, with references to sources of traffic, A. M. 

Wellington, Aug 24, Oct 12, 26, Nov 2, fieldwork cals. 9, 10, .30, 

Dec 7-28-89, * Jan 4-90 ; curved vs. tangent. Nor. & West. 

* Oct 5-89. 
Locomotives in U. S., number, n Feb 7, Oct 3-85 ; notes, Al- 

toona and Penn. shops, ed. Apr 26-90. 

Baldwin works, Phila., bk. n and hist. Oct 8-81 ; Apr 9-87. 
See also Ry. locoms., compound. 

Boiler explosion, remarkable, Norwegian State Rys. * June 7 
-90. 

Brake gear diagrams. Am. Brake Co., cor. * Jan 26-89. 

Building, in 1889, Feb 1-90. 
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Railway Locomotives, Canadian Pac, 10-wheel, inset, * Aug 
30-90. 
Chicago, Bur. & Q., pass., inset, * June 28 ; standard mogul, 

* July 5-90. 

Coal, consumption as affected by temp., Klein, Dec 10, 17 ; de- 
livery, Master Mechanics' rep. Sep 24-87. 

Compound, Sinclair, Apr 20-89 ; ed. June 28-90 ; Am. * Nov 
30-89 ; Am. Master Mech. Assoc, com. rep. June 28-00 ; 
Baldwin, B. & C, details, inset, * May 3, 3, tests of, and ed. 
Sep 6, * 13, 13, narrow-gauge, * Dec 13 ; E. Tenn. Vir. & Ga., 
indicator diags. * Nov 22 ; frt., for So. Am. (metric gauge), 
Sharp Stewart, Glasgow, * May 17 ; in Germany, Stambke, * 
Apr 19, May 3-90 ; Mallet's, Decauville portable Ry., Paris 
exhib. * June 1-89; Mex. Nat., dimens., news n.Dec 13; 
Mich. Cen. Jan 25, and ed. * Mar 8 ; in Russia, T. Urquhart, 
♦June 14; Union elevated Ry., Brooklyn, N. Y., tests, Dec 
27-90 ; Webb's, Lond. & No. West., with Joy valve gear, * 
Jan 26-89. See also Ry. locoms. efficiency. 

Compressed air, 40 and 50 ton, Mekarski sys., for Paris, 
France, * May 31-90. 

Connecting rods, broken, Nov 5-87. 

Counterbalancing, W. H. Lewis, * Apr 26-90. 

Downward draft, Complete Combustion Co. * Aug 2-90. 

DRiviNG-wheels, "imperceptible slip," F. W. Sargent, C. B. & 
Q., tests of, table, June 14 ; ap. for removing paint from, A. 
J. Horton, * Oct 11-90. 

DRiviNG-wheel tires, breakages in Germany, Aug 9 ; steel, and 
attaching do, with different fastenings, G. W. Rhodes, Nov 8, 

* Dec 6 ; hollow, dangers of in contact with frog points, T. H. 
Perry, * July 26 ; retaining ring for, * July 19-90 ; tests, Mich. 
Cen.* May 11; wear of, cyl. wheels and flat-topped rails, 
D. J. Whittemore, * Feb 9, and ed. 16, 16, 23, ed. Mar 2-89. 

Early, Horatio Allen, * Jan 11-90. 

Efficiency of, W. F. Dixon, Aug 16-90. 

English and Am., and ed. Aug 2, 2, discuss. Oct 11-90. 

Exhaust, muffler, Penn. R. R. * July 21-88; pipe. Smith's 

triple expan. Mar 16-89. 
Exports, Nov 21-86. 

Feed water heater and purifier, J. B. Barnes', * Aug 9-90. 
FiRE-boxes, brick arches in. Am. Ry. Master Mech. com. rep. 

Aug 9-90. 
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Railway Locomotives, First (Am. Eng.), * Jan 13-77. 
Fuel, petroleum for, tests, * Feb 2-89. 
Georgia Pac, lO-wheel, * Apr 5-90. 

History, early, the steam buggy, * Sep 8-88 ; early, Horatio 
Allen, * Jan 11 ; the John Bull, * 18, hist, of development, ed. 
18-90. 
Market for, Nov 12-81. 

Mountain, Harz, Abt rack-rail. May 22-86; two rack-rail, 
Abt sys., Brunig Ry., and Riggenbach sys., Brazil, * Nov 9 
-89. See also Railways, mountain. 
Narrow gauge, frt., for So. Am. (metre gauge), Sharp Stewart, 

Glasgow, * May 17 ; compound, Baldwin, * Dec 13-90. 
Origin and prog, of steam locomotion, ed. Nov 15-75. 
Oscillations registering ap. * Feb 8-90. 
Performance, Louis. & Nash. June 13-86; reports, Feb 6 

-86. 
Power, hauling, table, Wellington, Mar 12-87. See also Ry. 

locom. tractive power. 
RACK-rail. See Ry. locoms., mountain ; Railways, mountain. 
Resistance, engine, and ed. Jan 5, 5-89. 
Shay, Gilpin Tramway, Col. * Apr 26-90. 
Southeastern Ry., England, express, * Feb 22-90. 
Stephenson works, Nov 26, 26-87. 
Strong, design, tests, Sep 17, 24-87; remarkable run, Apr 6 

-89. 
SwiNERTON polygonal driving wheel. May 24, C. E. Swinerton, 

cor. June 28-90. 
Tank, Met. Dist., England, * Mar 22-90. 
Test, Penn. R. R., n Apr 26-90. See also Ry. locom. per- 
formance. 
Traction increaser, the electric, Ries, * Aug 9-90. 
Tractive power, diag. * Sep 7-89. 
Management, transportation, Wellington, July 2-87. 
Mania, England, great, of 1845, Feb 11-82. 
Maps, U. S. Oct 8, sup. Dec 3-87 ; survey maps, E. Low, * Jan 

5-89, See also Railways, American. 
Massacre of party by Indians, Oct 13-83. 
Master Mechanics Assoc, pro. June 22, 29-89. 
Multiple dispatch, for exhib. 1892, * Dec 13-90. 
Necrology for 1881, Apr 15-82. 
Nomenclature (terms), in England and Am. Apr l.S-89. 
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Railway Passenger tariff, the Austrian zone sys. of, diags. * 
July 12-90. 

Progress, U. S. seini-centennial, Nov 6-80. 

Rates, differential. Advisory com. rep. Aug 5, 5-82. 

RoADMASTERs' Assoc. of Am. pro. Sep 13-90. 

Safety guard, Latimer, May 21-87. 

Service, electric lighting in, M. B. Leonard, July 12-90. 

Shops, design and construction, Bamett, Oct 19, 26, Nov 2-10 
-89 ; Altoona and Penn. R. R., ed. Apr 26, May 3-90. 

Sidings, formula:: for turnouts, S. E. Reaugh, cor. * July 2-81 ; 
formula for. Parsons, July 19, 26, Aug 2-30, Sep 6-84. See 
also Ry. switches. 

Signals, signaling, electric, without the use of wires, W. Robin- 
son, May 20, June 3-76; safety signals, A. Welch, rep. Feb 
11-82; electric, Boston,* Oct 26; and signaling, Soule, Dec 
21, 28-89; Cen. Ry. of N. J. Mar 29; block sighaling, and in- 
terlocking in Great Britain, July 26; and signaling, J. P. 
O'Donnell, cor. Dec 20-90. See also Railway stop. 
Hall's, A. W., sys., aut. block, * Sep 13, * 20-90. 
Harrington semaphore, * Mar 16-89. 
Long's electric semaphore, * Dec 1-88. 
Shaffer sys. and safety lock, Oct 13-83. 
Webb & Thompson StafE ap., English, * Mar 29-90. 
Wise's train staff sys. * June 23-88. 

Snow excavator, the Jul! centrif. * Mar 30, Apr 27-89 ; work of, 
Feb 22-90. 

Snow plows, dimens., standard, N. Y. C. & H. R. R. * Nov 9; 
rotary, the work of, Aug 17-89 ; the Russell concave. Interco- 
lonial Ry., inset, * July 12-90. 

Snow sheds. Can. Pac, Stoess, * Jan 21-88. 

Speed indicator, Boulonge, Feb 22-79. 

Speeds, and travel in Europe and Am. Aug 12-82 ; Oct 6-83 ; 
rule for, Steiner, Mar 29-84; fast Am. Aug 22-85 ; n Sep 18, 
Oct 23-86; fast run. West coast train, England, ed. Sep 15; 
fast, C. B. & Q. Dec 15-88 ; Germany and continent, Nov 2-89. 

Stations, and yards, design of, R. M. Parkinson, * Nov 29-90. 
See also Ry. terminals. 
Battle Creek, specs. Sep 24, Oct 22-87. 
Bay City pass., Mich. Cen. * Dec 27-90. 
Canadian Pac, Montreal terminals, * Mar 3, arches, and re- 
taining walls, * 17-88. 
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Railway Stations, Central R. R. of N. J. * Oct 6-88. 

Harlem Depression Ry. overtrack, inset. * Feb 8, 15-90. 

Jersey City, N. Y. L. Erie & W. May 29-80 ; train shed, 
Penn. R. R. * Dec 27-90. 

Milwaukee, Wis. Mar 5-87. 

Omaha, Neb., union, proposed, * Aug 17-89. 

Providence, R. I. terminals, * Aug 2-90. 

Small, standard plans, N. Y. C. & H. R. R. Mar 31-88. 

SURBURBAN, * Aug 4, 25-88. 

Union Pacific, Apr 2-87. 
Stop, Rowell aut. safety, * May 11-89. 
Structures, minor. Can. Pac, inset, * May 24, 24-90. 
Switches, staking out, J. F. LeBaron, cor. * Sep 0, * 30, * Oct 7 

-82 ; and frogs. Parsons, May 10-84; point, B. & A. Mar 31 

-88 ; and frogs, experience with, W. F. Ellis, * Sep (3-90. 

Cam lock, aut. * May 24-90. 

Dailey aut. cut-out, * Mar 26-88. 

Dunn safety, n * Aug 23-90. 

Price frogless, * Apr 6-89. 

Safety lock, Lehigh Valley, * June 15-89. 

Signal sys., Elizabethport station, * Nov 24-88. 

Slip, or combination cross over, Cincin. * Nov 16-89. 

Union Sw. & Signal Co., prog, in interlocking ap. * Aug 23 
-90. 
Terminals, Chic. Union Transfer, * Feb 8-90 ; N. Y. W. Shore 

& B., Weehawken, Sep 29-83; the Cove, Prov., R. I. * Apr 

27-89 ; ♦ Aug 2-90. 
Time, standard, Oct 20, Nov 10; time-table making, Sep 29-83. 
Track, laid in U. S., 1882, Jan 27, Feb 3, 10-83; Parsons, Oct 

4— Dec 27-84, Jan 3— Oct 17-86 ; Tratman, July 20-89. 

Ballast, importance of, Burkhardt, Oct 16-86. 

Bolts, Bush interlocking, * Dec 20-90. 

Construction, and maintenance, J. A. Hall, Dec 13-90. 
See also Railway curves : Railways, American. 

Curves. See Railway curves. 

Elasticity of permanent way, Caille, July 15-75. 

English, Tratman, July 7-88 ; Cunningham (Soc. pro.), Mar 
16-89. 

Improvement, Tratman, * Apr 27-89. 

Inspection diagrams, Dudley's, * June 15-89. 

Jack, the Fisher duplex, n * Aug 30-90. 
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Railway Track Laying, cost, May 25-89; rapid, in Texas, 
W. M. Johnson, Jan 21 ; one mile per day, organization and 
expense of, Johnson, Apr 22-82. 

Maintenance of, H. W.Reed, * Aug 30 ; J. A. HaU, Dec 13-00. 

New York Cen. & H. R. R. standard stone ballasted road bed, 
♦ May 19-88. 

NuT-lock, positive, Co., Jeffersonville, O. * Sep^-90. 

Penn. ♦ Sep 12-78. 

Rail elevation on curves. See Railway curves. 

Safety guard pat., Latimer, May 7-87. 

Specimen, a fine, Sep 17-87. 

Spikes, n Apr -74 ; the Davies steel lock, ♦ Apr 19-90 ; 
Goldie and Fennerty's grooved, holding power, * Nov 23-89. 

Tie plates, the Servis, * Mar 16 ; the Stuart, ♦ Apr 27-89. 

Ties, L. M. Haupt, Aug 26-82 ; Aug 4, Dec 29-83 ; Am., 
standard dimens. Jan 17-85 ; beechwood for, Apr 3-86 ; 
consumption of forest supplies by railroads, E. R. Tratman, 
table, Aug 30-90; consumption on French Rys. Feb 28 
-86; in France, Dec 14-89; durability, Aug 29; Hough, 
rep. June 27-86. 

Metallic, iron, * Apr 28-77 ; iron, in Germany, Jungbecker, 
Mar 8-84, May 30; Holland, June 13-86; in Europe, Apr 
24-80; Legrand, Jan 15, 29, Feb 5; Tratman, 12-87, metal, 
rep. Sep 7-89, Aug 30-90 ; some Am. June 29 ; the Flower- 
Heller, * July 27-89 ; on steel ties, maintenance expenses, 
J. W. Post, June 30-88 ; Z-iron, Belgium, ♦ Sep 7-89. 

Preservation, Dec 27-84 ; H. W. Reed, Sep 20-90. 
Traction, draw-bar, C. B. & Q. May 14-87. 
Traffic, haul, graphic determination of, Apr 14-83 ; pass., and 

rapid transit, Apr 23-87 ; and transportation, production of, 

Coryell, Jan -76 ; safety of travel, Oct 3-86. 
Train indicator, standard. Rich. & Dan. sys. * Feb 9-89. 
Trains, colliding, destructive force of, cor. Aug 4, 2.5, Adams, 

Sep 8-88 ; length, increase on Austrian Rys. * Mar 22-90 ; 

long, frt., Louis. N. Or. & Tex. Dec 19-86. 

Lighting by electricity, Apr 7-88, Seldon, Nov 2-89. 

Operation of, safety systems, ed. Oct 12-89. 

Resistance, expts., Apr 29-76 ; early expts. Sep 1, and air 
resist., ed. 1; laws of, Oct 6, ed. 27-88; tests, Dec 10-87, 
valuable, C. B. & Q. rep., diags. * Nov 17, 24-88. See also 
Air resistance; Atmospheric resistance. 
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Railway Trains, Running, cost of, Mar 2(^84. 
Shed, B. & O., at Pittsburg, * Feb 23-89. 
Speeds. See Railway speeds. 
TiME-table for extra and irreg. trains, Aug 19-82* 
WEKiHTS and speeds, frt., n Sep 18-86. 

Transfer table, N. Y. C. & H. R. R., inset, * Dec 21-89. 

Transportation cost, Morehouse, May 15-74. 

Travel, safety of, G. L. Vose, Sep 23-82 ; travelers' risks, Bly, 
July 25-85 ; traveling in Germany, Jan 7-82. 

Trestle. See Trestles. 

Turnouts. See Railway sidings — switches. 

Turntables, improved, * June 18-81; wooden, Feb 24-83; 
wrt. iron, Lowthrop, Apr 2-87 ; wrt. iron deck, * Dec 21-89; 
wrt. iron, ♦Jan 4-90. 

Watchman's shanty, Aug 8, 15-85. 
Railways, the world's, in 1876, stat. Feb 14-78 ; in 1830, Sep 29 
-83; Trasenter, Feb 28, stat. Mar 7; transcontinental, from 
French standpoint, 14-IS5 ; construction, 1884-88, July 5-90. 

Alabama Midland and Ga. So. & Fla., map, * Mar 15-90. 

Algerian, Aug 31-89. 

American, the first half century of, July 15-76; and foreign, 
observations, Higinbotham, Feb 17 ; and their economical use, 
Aug 18, 18, 25, Sep 1-22-77 ; construction in 1878, Feb 1-79; 
system of U. S. Aug 27, Poor's Man. bk. n Nov 5, 12-81, July 
15-82, Sep 8; central U. S. Nov 3, 10-83; new U. S., 1883, 
Jan 19; Poor's, 1884, Oct 4-84; Canada construction, Feb 20 
-86; Northwestern states, inset map No. 5, * Jan 28; So. 
Western states, inset map. No. 6, ♦ Mar 3 ; far Western states, 
colored inset map, ♦ 31, 31 ; U. S. in 1886-87, prog., ed. and in- 
set map. No. 9, * June 16, ed. 23, 23 ; in 1831 and record of 1887, 
Sep 8, 8 ; states east of Chicago, colored inset map and ed. * 
Nov 10, 10, 24 ; track laid in 1886, '87 and '88, col. inset map and 
ed. * Dec 29, 29-88 ; Southern states, col. inset map, * Feb 2, 
2 ; construction, states east of Chicago, prog., col. inset map 
and ed. * Mar 30, 30, ed. Apr 6; U. S., growth, col. inset diag. 
and ed. * Apr 27 ; Northwestern states, col. inset map and ed. 
* May 11, 18; minor Northwestern systems, ed. June 1; South- 
ern states, col. inset map, ♦ 15, 15, ed. 22 ; Southwestern stater, 
col. inset map and ed. * July 20, 20; U. S. construction, 27, 
Northwestern states, col. inset map and ed. * Aug 3, 3 ; U. S. 
in 1888, Poor's Man. bk. review and ed. Aug 17, 17, state com- 
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Railways, American. 

missions reports, 24, ed. 24 ; far Wefstem states, col. inset map 
and ed. * Sep 7 ; Southwestern states, col. inset map and ed. ♦ 
28, 28 ; far Western states, col. inset map, * Nov 30, Rocky 
mts. and Pac. states, ed. 30 ; U. S. construction of four years, 
col. inset map, * Dec 28, 28-89 ; smallest Am., Monson, Me. 
Feb 32 ; U. S. construction in 1890, col. inset map, * Mar 1,1; 
construction, states east of Chicago, col. inset map and ed. 
* Apr 12, 12 ; Southern states, col. inset map and ed. * June 14, 
14 ; Northwestern states, construction, etc., inset map, ♦ Aug 2, 
2, U. S. in 1889, Poor's Man. bk. notice 2 ; Southwestern states 
construction and ed., inset map, ♦ Sep 27, 27 ; Rocky mts. and 
Pacific states, ed. * Nov 29, 29 ; U. S. construction of 1890, ed. 
Dec 27-90. 

Argentine Republic, Juarez, Aug 4-88. 

Asia, map, * Sep 29-88. 

Australasia, Mar 30-89. 

Australian, table, Jan 26-89. 

Baltimore Belt, map of Bait., S. Rea, * June 28-90. 

Baltimore & Eastern Shore, map, n * Sep 20-90. 

Baltimore & Ohio, hist, n Sep 17-87. 

Barre, Vt, profile, * Aug 3-89. 

Bayonne, Anklet & Biarritz, June 9-88. 

Belgium state, Feb 13-80. 

BoYNTON bicycle and ed. * Mar 2, 2-89. 

Brazilian, Mar 30-89. 

Brunig. Switzerland, Dec 15-88. 

Cable, vs. horse, Mar 12; effic, Seddon, June 18, 25-87. 
Aqudic sys., Italy, June 19-86. 
Brooklyn bridge, July 9-87. 
Edinburgh No. Tramways, * July 20-89. 
Kansas City, Dec 8-88 ; traction, effic diag. * May 3-90. 
Light construction, F. Van Vleck, * Nov 22, roads, * 29 

-90. 
Los Angeles, Cal. cable viaduct, * Jan 25-90. 
Motive power. Miller, June 11-87. 
New York city, 3d Ave., track details, inset, * Dec 13, pulleys 

and lifts, * 20-90. 
Philadelphia, May 31-84. 
Ramussen, May 7-87. 
San Francisco, wire, Apr 4-78 ; Nov 10-83. 
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Railways, Cable, Traction rope, Miller, June 4-8.7 ; traction 
• effic. diag., Kan. City, * May 3-90. 
Tube, wrt. iron, June 28-84. 

Canada, and the U. S., 1887, June 16-88 ; stat. July 27-89. 

Canadian Pac, track laying in '82, Bell, Mar 17; Dec 29-83; 
West div., J. C. James, Nov 1-15-84; miles, etc Sep 22, 2r, 
Oct 13, 27, Nov 10-24, Dec 15-29-88, rep. May 25; arch cul- 
vert plans,* Apr 6-89; location through Rocky mts., profile 
diag., cor. * May 26-88 ; Province of Manitoba, Jan 5; minor 
structures, timber wks., inset, * Dec 14-89. 

Ceylon, n Feb 2-89. 

Chemin de fer Glissant, Paris, and ed. * Aug 31, Oct 26, 26-89. 

Chicago Belt railway projects, Clarke, Jan 8-76. 

Chicago, Rock Is. & Pac. finan. condition, June 30-88. 

Chilian, projected, Nov 10 ; No. & So. Am. Construction Co., 
map, * Dec 8-88 ; Mar 9-89 ; Jan 18-90. 

China, Oct 17, Nov 14, 21, Dec 19-85 ; first, Jan 9, 30, construc- 
tion. May 29; July 10-86; first, Dec 22-88; Sep 21, Nov 30 
-89. 

Commissioners' reports. Mar 26-87; Conn. Feb 2-84; Me., 
Mass., R. I., N. Y. Aug 9-90. 

Congo, Jan 23-86. 

Costa Rica, n * Feb 16-89. 

Cuban, op. expenses, June 23-88. 

Dates of introduction in various countries. Mar 6-86. 

Denver, Col. Canon & Pac. project, R. B. Stanton, Aug 17, in- 
set, * Sep 21, and ed. (full), * Oct 18, 18-90. 

Detroit & Mil. improvements, Sep 15-77. 

Division of land on, Aug 23-84. 

Dublin & Wrightsville, cheapest in world, A. Pew, Aug 9-90. 

Early opinion of, n Mar -75 ; horse power and sails on, May 
11-89. 

East Indian, T. W. Jones, Aug 14-86. 

Egypt, from Suakim to Berber, Mar 7, 21-85. 

Electric, growth of, Oct 6-88, Sep 7 ; Mansfield addr. July 13 
-89 ; electric working of railways, limitations of steam and 
electricity in transportation, W. E. Hall, July 12, 12-90. 
Berlin, Apr 3-86. 
Boston, Aug 10-89. 

Cost and prog., Thomson-Houston sys. * Nov 10-88. 
Maximum gradients on, Dec 1-88. 
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Railways, Electric, Milliken pole for, * May 3-90. 

Paris, Julien-Tournier-Broca, * Aug 11-88. 

Pittsburg, successful expt. n Sep 10-82 ; June 30-88. 

Rail section, West End, Boston, ♦ Oct 25-90. 

Sprague system, motor, Oct 22-87. 

Storage battery or accumulator traction in England, June 14 
-90. 

THOMSON-Houston system, Nov 24-88. 

Weems elec. Ry. * Sep 14-89. 

Wynne system, Apr 5-90. 
Elevated, and rapid transit, Haupt, Nov 8-84 ; n May 28, July 

16; of future, June 18-87. 

Boston, Apr 6-89 ; June 14-90. 

Brooklyn, Stone's rapid transit scheme. May 30-78 ; n Jan 
4-79; Kings County, Sep 24-87. 

Chicago high level rapid transit, * May 11-89. 

iNTER-state Rapid Transit, *Kan. City, foundations for col- 
umns, * Apr 21, May 12, 19-88. 

Jersey City, Penn. R. R. June 25-87. 

Kansas City, Inter-State Rap. Tran., foundations, * Apr 21 
May 12, 19-88. 

New. York City, Oct 27, Nov 24-77; West Side, foundations 
details, C. F. Carpenter, * Jan 24, Eighth Ave. * Feb 21-80 ; 
n Nov 26-81 ; and fee of the streets, legal decisions, Oct 21 
-82; Manhattan, travel on, Oct 16-80; sharp curves on, 
Apr 2 ; traffic n Dec 31-87 ; coal consumption on, n Oct 5 
-89; increasing traffic, capac. of, ed. Jan 11-90; Metropol- 
itan, Second Ave. construction, G. F. Hall, * Oct 21-82. 

Penn. R. R., cost and saving, ed. Nov 24-88. 

Suburban Rap. Trans. Co., N. Y. Apr 30-87. 
English, vs. Am., M. N. Forney, Oct 29-81 ; a year's working 

in the United Kingdom, Nov 20-84 ; and Am. compared, Nov 

7, Dec 12-85; Jan 23, Apr 10, 17; op. expenses, etc. July 10; 

construction in colonies, Aug 21 ; Nov 13-80 ; in 1887, Oct 20 ; 

and Am. compared in op. expenses, Dorsey, table, Dec 8-88, 

Jan 11 ; saloon car, notes from abroad, * June 21 ; cars (com- 
parisons), J. Ralph, Aug 30, notes, Nov 1-90. 
EscuiNTLA-Guatemala, Aug 19-82. 
Europe, construction, cor. Jan 1-81 ; Mar 27-86 ; notes from 

abroad, ed. cor. Aug 9-90. 
Extensions, Sep 10-87. 
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Railways, Foreclosures in 1877, Jan 24-78. 
Foreign notes, ed June 30-88. 
France, State ownership of, n Dec 20-90. 
Georgia Pacific, map, Nov 26-81. 
German, R. T. Ely, Aug 27-81 ; stat. July 25-86; June 2; n 

Oct 13-88. 
Glissant, chemin de fer, Paris, and ed. * Aug 31, Oct 26, 26 

-89- 
Grand Trunk prospects, Tyler, addr. Nov 24, Dec 1-88. 
Great Falls & Can., n * Oct 18-90. 
Harlem, N. Y. Cen. & H. R. R. track depressing, bids, table, 

Apr 28, n June 9-88. 
Hartford, N. Y. & Boston, Jan 27-83. 
Honduras No. Coast, June 16-88. 
Hudson Bay, Dec 18-86. 
India, Aug 30-84 : May 22-86. 
INDO-European projects, Aug ^-87. 
iNTER-continental, (Central & So. Am.), proposed, map, * Sep 6 

-90. 
Interstate Commerce Commission, 2d report., ed. Aug 23, Sep 

27, ed. Dec 13-90. 
Iquique, So. Peru, Ridings, Dec 27-84. 
Irish, n Sep 16-82. 

TALY, and steam tramways, Alden, Sep l-88.J^i — — — 
apan, W. F. Potter, Jan 25-79; Oct 17-85. 
Jungfrau, Switzerland, Mar 29-90. 
Larmanjat's one-rail, Quetil, Apr 8-76. 
Lehigh Valley, July 22-82. 
Light and portable, Tratman, Sep 6-84 ; the Bayonne, Anglet 

& Biarritz, June 9-88. 
London, rys. terminating in, ed. Sep 29-88. 
London & Northwestern, n Jan 8-76 ; works, Crewe, Oct 25 

-84. 
Longitudinal Midland, Behring Strait to Cape Horn, proposed, 

H. R. Helper, Aug 6-81. 
Marietta & No. Ga., map, * Sep 6-90. 
Massachusetts, rep., ed. Mar 23-89. 
Mexico, July 21-83 ; July 18; Nevin, Aug 8-85 ; Am. line via 

Jalapa, Wellington, Sep 3—17-87 ; stat., map, * May 3, 3 

90. 
Minnesota, Baker, rep. Jan 3-85. 
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Railways, Mountain, steep gradient, May 22 ; rack rail, n Aug 

14-86; Tratman, Jan 22-87; recent development of rack 

Rys., Kuntze, Apr 14-88. 

Abt rack rail sys. Dec 26-85 ; on the Bolan Ry. June 16-88 ; 
list of, in world, n June 7-90. 

Austrian, combined adhesion and rack rail, Feb 2-89. 

Darjeeling Tramway, or Himalayan Ry., India, Oct 15-81. 

DuxDERBERG gravity, Hudson Highlands, map, * Dec 21-89. 

European, having locoms. with cog-wheel drivers, table, Sep 
5-78. 

GiESSBACH incline, Switz. Dec 4-80. 

Green Mt, Mt. Desert, July 21-83 ; May lT-84. 

Harz, Abtsys May 22-86. 

India, Abt sys. in, Sep 22-88. 

JuNCJFRAU project, Switz., pneu. Mar 29, * July 19-90. 

Lookout Mt. inclined, W. H. Adams, * Jan 7-88. 

Manitou & Pike's Peak, Dec 7-89. 

Mt. Kearsarge, Mansfield, June 2-83. 

Mt. Pilatus rack rail, Switz. Feb 19-87. 

Mt. Washington, N. H. Aug 29-78. 

Nevada Central, Mar 1-84. 

New Zealand, the Fell sys. on the Rimutaka incline. Maxwell, 
Apr 6-89. 

Philadelphia, Fairmount park, proposed gravity, map, * June 
21-90. 

Pike's Peak, Abt rack rail sys. * Apr 19; and Manitou, * Oct 
4-90. 

RiGi rack rail, Switz., accident on, Apr 24-86. 

St. Gothard grades, Wellington, Apr 16-87. 

Switchbacks, their use and construction, ed. * Mar 10-88. 

Transandine Ry., Abt rack rail sys. on, Sep 21-89. 

Venezuela, the Trincheras incline, Carruthers, Feb 23-89. 

Visp-Zermatt, Abt, Oct 25-90. 
. 'Narrow gauge, ed. Mar 18, ed. May 27, June 3; the dimensions 

of, G. Paul, Aug 26, Sep 2, 16-76 ; earthwork on, Tutton, May 

2-78 ; logging, Hobart & Manistee, H. C. Pearsons, cor. Jan 

3, n 10-80 ; San Joaquin Co., Cal Sep 2-82 ; construction 
...and equip.. Reed, Mar 15, 22-84. 
New Brunswick and Nova Scotia, map, * Apr 26-90. 
New England situation, Aug 6-87. 
New York & Sea Beach, Sep 20-79. 
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Railways, New York, West Shore & Buf., Weehawken termi- 
nals, Sep 29, and canals, Dec 22-83 ; construction. Cowan, Sep 
27, Oct 4, 11-84; construction, Dec 5, 12-85. 

Northern Minn., construction in, Sep 13-90. 

Northern Pacific, contract, Dec 4-80; Aug 12-82; Sep 15 
-83 ; annual rep. Oct 25-90. 

Pacific Ry. problem in 1849, map ed. * Feb 16, 16-89. 

Pennsylvania, track, * Sep 12, construction, 19, Oct 8, 10-78; 
Filbert st. extension, Phila. July 2-81 ; rep. May 11-89. 

Philadelphia & Columbia, hist., Willis, Apr 25-85. 

Pneumatic, the Goebel, * Mar 22-90; Judson sys, * July 13 
-89. 

Portable, Decauville sys. at Paris exhib. * June 1-89. 

Portland & Ogdensburg, T. Appleton, Sep 19-78. 

Public and Rys. Sep 14-89. % 

St. Gothard, construction and working, Pacho, May 19-77; 
prog. Feb 12-81 ; Dec 16-82 ; Jan 6-83 ; grades. May 14, 
Sep 10-87. See also Tunnels, St. Gothard. 

Schuylkill river, East side, Mar 5-87. 

Ship, the Chignecto, map, * Oct 27-88, and profile, * Sep 7, lift- 
ing docks, * 28-89. 

Eads', Isthmus of Panama, * Aug 16-79 ; G. W. Pearsons, 
cor. Jan 8, 8; Tehuantepec, July 23-81, Mar 11; ed. 25, 
Apr 15-82 ; Am. Isthmus, July 28-83 ; Sep 20-84 ; Feb 
14 ; interoceanic prob., Corthell, Aug 29-85. 

SiMPLON, projected, map, * Nov 1-90. 

Sliding, chemin de fer Glissant, Paris, and ed. * Aug 81, Oct 26 
26-89. 

South America, Sep 13-84. 

Southern, Nov 28-85. See also under Rys., Am. 

South Penn. Oct 4-84. 

South Peru, Iquique, Ridings, Dec 27-84. 

Spain, and roads, Apr 3-80 ; Spanish practice, 20 years of, Dec 
13-90. 

Street, July 9-87 ; accidents, N. Y. city, ed. Mar 10-88. 
Boston, Mar 13-80. 

Cars, compressed air, Sep 9- 76; Mekarski, London, * May 
12-88, * May 24, * 31-90; propulsion, Judson sys. Oct 26 
-89; starter, * Jan 11-90; Ransom steam, Apr 7-77; a 
safety fender, * July 26-90. 
Construction in U. S., Wharton, Oct 24-85. 
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BailwaySy Street, County tramways, Tratman, Apr 3-86. 
Curves, spiral or transition, efEect to reduce shock, E. L. 

WooUey, Nov l-OO. 
English tramways, Dec 19-85; Greene, Jan 16-86; Jan 15; 

earnings, Jan 22-87. 
European, stat. Feb 2-89. 
German, Oct 13-88. 
HoRSE-car, history, Feb 2-84. 
Kansas City, extent, n Jan 19-89. 
Locomotives, English, Mar 1-90; Honigmann soda boiler, 

W. R. Hutton, Feb 16-84. 
Motors and motive power, best. Am. St. Ry. Assoc, rep. Nov 
24-83; for cities, table, Aug 30; mixed methods, Ontario, 
Cal. * Dec 13-90 ; compressed air, Sep 9-76 ; comp. air, 
Astoria, Long Is. July 25-85 ; the Mekarski comp. air, Lon- 
don, * May 12-88, * May 24, * 31-90 ; locomotives, Eng- 
lish, Mar 1-90 ; Honigmann soda boiler, Hutton, Feb 16 
-84 ; Ransom steam, Apr 7-77; storage batteries and mo- 
tors, Dec 7-89. 
New York, traffic, n Dec 31-87. 

Rails, and track (Liverpool), Aug 20-87 ; * May 12-88 ; R. T. 
White's, * June 14 ; rail section of Broadway and Third Ave. 
cable tracks, * Aug 9 ; the Gibbon duplex, * Nov 15-90. 
San Francisco, stat. Mar 6-86. 
Steam on. Mar 10-77. 

Track, ties, iron, Paris, Aug 30-84; improvement of, Trat- 
man, July 20-89 ; R. T. White's, * June 14 ; T. G. Cribble's, 
* Dec 20-90. 
Traffic and travel, city traffic, Galloupe, Oct 1, 8-87. See 

also under names of cities. 
Tramways, R. Souttar, Nov 3-24, Dec 1, 8-77. 
Sumatra, Nov 16-89. 
Tehuantepec, July 23-81; ship. Mar 11-82; Am. Isthmus, 

Eads, July 2§-83. 
Texas, July 5-84. 

Trans andine, Argentine Repub., map, * Oct 25-90. 
TRANS-Caspian, Rymkienicz, map, * Sep 29-88. 
TRANS-Caucasian, Feb 11-88. 
Turkey in Asia, Rolin, Oct 31, Nov 7-78. 
Underground, London, Lond. & Southwark subway. Great- 
head, Nov 5-87 ; The City & So. Lond. Nov 29-90. 
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Railways, Underground, Naples, proposed, Aug 27-81. 
New York, June 2-77; ed. Nov 6-80; South Ferry & Sea^ 
side Direct Transit Co. Jan 21-82 ; Broadway Arcade, May 
12-83. 
Paris, France, Met. Ry. subway construction, * Dec 13-90. 
Subways, water tight bulkheads for, J. E. Robinson, Jan 8-87. 
Yucatan, E. H. Thompson, rep. Dec 15-88. 
Ramie plant, source of textile fibre, Oct 5-89. 
Rainfall in Western arid regions, Greely, rep. Mar 16, 23-89. 
Rapid Transit, N. Y. and Boston, eds. Jan 28; N. Y., Mayor 

Hewitt's plan, ed. Feb 18; in cities, Haupt, Apr 21-88. 
Real Estate Co., Intemat. of Mex. & Lower Cal. n Mar 31-88. 
Reeves, Samuel J. Jan 4-79. 

Refrigrerating, mechan. production of cold, A. C. Kirk, May 12 
-77 ; (cooling) machines at the White House, July 23-81 ; test 
of a plant, De V. Wood, * June 28-90. 
Rensselaer Polytechnic Inst, alumni meeting, * Feb 26-81. 
Retaining: walls, G. Smith, * June 20, 27, July 4, 11-78; for 
earthwork, Greene, * Dec 29-88. See also Dams ; Harbor 
eng. ; WATER-works reservoirs. 
Riker's Island improvement, Dec 26-85. 

Rivers, Aire & Calder Nav. and canal waterway, W. H. Barthol- 
omew, * Aug 30-90. 
Atchafalaya, La., founding piers in. May 5-83. 
Bavaria, imp. in, * Mar 17-88. 

Beds, erosion and trans, of detritus, G. K. Gilbert, Aug 19-76. 
Bilbao imp. * Aug 31-89. 

Brazos, Texas, imp., jetties, * May 18, June 22-89. 
California, mining debris in, Bowie, July 30-87. 
Caloosahatchie, Fla., a boat survey of, J. F. LeBaron, rep. * 

Sep 9-82. 
Chicago, and harbor, Jan 15-76. 
CosEL, imp. at, Oder river (Europe), * May 3-90. 
Current meter, A. R. Harlacher's, R. Blum, * May 6; * Aug 12 

-82. 
Currents, method of determining direction and speed of, S. T 

Emerson, Oct 13-77. 
Danube, mouths of and imp. in non-tidal seas, Stokes, May 20, 
June 2, 9-77; obstruction removal near Vienna, Specht, July 
12-84. 
Discharges, comput. of, G. H. Johnson, Sep 6-90. 
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Rivers, Floods, Ohio, Merrill, Mar 22, Apr 5-84. 

Flow of, hydraulic formulae, railroad litigation, Nov 5-81. 

Fox and Wisconsin, imp. of, Dolsen, Aug 19, G. K. Warren, 
final rep. Dec 23-76. 

Harbors and, imp., U. S., amounts expended, Oct 17-78 ; U. 
S. River & Har. bill, approved. Mar 29 ; appropriations, n Aug 
9-79, Mar 26-81. 

Hudson, July 12 ; and Harlem connection, Newton, Aug 30-84. 

James, spec, for deepening channel, Sep 13-79 ; imp. at Rich- 
mond, Va., W. H. Adams, Nov 22-90. 

Jetty sys. Feb 3-83. See also Rivers, Miss. 

Kanawha, Great, imp. Sep 13-79 ; Aug 28 ; lock and dam, Nov 
20-86. 

Levees, reclamation of tule land in Cal., Scowden, Sep 15-74 ; 
spec, for levee, Sep 1-77 ; levee construction. Miss. Nov 9-89. 

Mississippi, imp., reclaimed by levees, June 15, Upper Miss. July 
15, Aug 15-74; jetties at mouth of. Bowman, June 3; South 
Pass jetties, map, * July 29 ; Eads, Aug 12, jetties at mouth, G. 
W. Bayley, 12, improving, 19 ; imp. at mouth of, Corthell, Sep 
2 ; jetty reflections, 28 ; jetties, Eads' rep. Oct 21 ; imp. of Lower 
or Des Moines rapids, Worrall, Nov 18, 25; intimidation at jet- 
ties, Dec 9-76; Lower, South Pass, slope of, M. E. Schmidt, 
* Apr 14, imp. of, C. B. Comstock, rep. May 26, Eads* jetties, 
rep. Oct 27 ; mouths of, Dec 8 ; wing-dams in, above Falls of 
St. Anthony, E. P. North, 22-7 7 ; South Pass, the jetty ques- 
tion, W. M. Roberts, cor. Jan 3, rep. 17, 24, J. B. Eads, Feb 7; 
mouth of, Howell rep. 21, reply to Eads, R. E. McMath, addr. 
28, errata. Mar 7 ; South Pass, 8th rep., Brown, 21 ; jetties at 
mouth of, Forshey, Sep 19; the Miss, problem, Oct 10-78; 
the jetties, E. L. Corthell, Nov 22-79; imp., Capt. Mackensie, 
rep. Aug 21, 28; the jetties, C. Donovan, cor. * Oct 16; imp., 
W. H. Ballou, Nov 20; jetties, hist, of, Corthell, bk. n Dec 18 
-80 ; correction, Donovan, cor. Mar 19 ; levee building on, W. 
L. Murfee, Sep 3; source of, Oct 1-81 ; floods, July 7; M'Aler 
rep. 28-83 ; reservoir sys. at head of, Aug 23-84 ; work on, 
Nov 14-85 ; levees, rep. Aug 7-86 ; South Pass jetties, cost, 
Dec 17-87; imp., connecting with Upper Lakes, Handburg, 
Feb 18-88; Gov't protective works, mat, Memphis, * Oct 26. 
imp., levee construction, Nov 9 ; bank protection, * Oct 26, Dec 
14-89 ; the flood of 1890, Harrod, Apr 5 ; Lower, protection 
from overflow, J. B. Johnson, 19-90. 
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Rivers, Motion and operation of, W. M. Roberts, Oct 21-76. 

Niagara, utilizing the falls, July 11-78. 

Nile, delta, Aug 26-82. 

Obstructions to discharge by bridge piers, Q. A. Gilmore, * 
June 10-82. 

Oder, imp. at Cosel (Europe), * May 3-90. 

Ohio, imp. Dec 27-79. 

Physics, problems, J. B. Johnson, Aug 1-85. 

Po, Italy, survey of the course of, Barilari, Sep 8-77. 

Pollution of streams, Hering, Aug 4-88. 

Potomac, imp. Oct 14-82. 

Rappahannock, Va., imp. specs. Feb 24-77; July 5-79. 

Rhone, movable weirs on, Apr 14-83. 

San Francisco, Brazil, W. M. Roberts, Jan 31, Mar 27-80. 

Sediment carrying, treatment of, Specht, Nov 7-85. 

Seine, Paris, Harcourt, July 3, 31-86. 

Silt bearing, imp. of, theory and applic. of the permeable sys. of 
works for, R. E. McMath, Nov 1-79. 

Szegedin disaster, imp. Apr 26-79. 

Tennessee, imp. Dec 1-77. 

Thames, J. B. Redman, Sep 8-29, Oct 6-77. 

Velocity, bottom, and velocity scale of, Schlichting, Sep 15 
-77; velocity gauging in floods, Ritter, Aug 6-78. 

Weaver, nav. J. A. Saner, Aug 30-90. 

Yellow, Mar 31-88. 
Rivet signs, uniform sys. of, Jan 25, cor. Feb 9, symbols, cor. ♦ 

Mar 2, Seaman, cor. * Apr 13-89. 
Riveting tests, C. W. Buchholz, ♦ Dec 6-90. 
Road engines, steam, J. McLaren, Dec 20; locom., Aveling & 

Porter, * June 28-90 ; rollers, E. P. North, ♦ Aug 9-79. 
Roads. See also Engineering, municipal ; Paving; Streets. 

Riverside Ave. imp., N. Y., specs, in full, Oct 7-21 ; public high- 
ways, construction and maintenance of, EUice-Clark, Dec 2, 9 
-76; the science of road making, C. Herschel, * June 2-30, 
July 7-28, Aug 11-25, Sep 1 ; tumpiking and underdraining, R. 
C. Carpenter, Oct 27, * Nov 3-77; imp., prairie and streets, 
T. J. Nicholl, * Sep 6-78 ; construction and maintenance of, 
E. P. North, July 12, * 19, * 26, Aug 2, rollers, * 9-79 ; public, 
construct, and maintenance, July 1 ; in the Ardennes, steam 
rolling for maintenance of, Lancrenon, Dec 30-82 ; old Eng- 
lish turnpikes, Jan 20 ; Macadam, Feb 17 ; Buchanan, Sep 15 
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Roads. 

-83 ; and road making, Sears, Feb 23 ; race course construc- 
tion, Allarde, May 31 ; Egyptian turnpike, O., spec. July 19 
-84 ; bad, cost of, Feb 14; asphalt roadways of Berlin, May 23 
-85; in Spain, Apr 3; gov't, in Italy, 24; gravel, Brown, 24 
-86; country, in France, laws of construction and mainte- 
nance, Feb 16, 23, Mar 2; country, legislation in Pa. Apr 0; 
construction and repair of, London, Strachan, 13 ; good, value 
of. May 18; common, law of state of N. J. July 27 ; legislation, 
Am., bk. n Dec 7-89 ; country, notes on. Downing, Feb 8 ; 
foreign highway construction and maintenance, 22, Mar 1, 15, 
29 ; maintenance, Roads Imp. Assoc, London, England, ♦ Aug 
16; repair and maintenance of, England, Sep 13; road work in 
Richmond County, N. Y. Dec 13-90. 

Roberts, William M. Jan 11-79; July 23, 30-81. 

Robinson, Moncure, por. * Apr 20-89. 

Rock and ore crusher, Brennan, * Oct 18-90. 

Roebling, John A., por. ♦ May 26-83. 

Roofing, paper for material, Sep 21-89. 

Roof's, drill room, 22d reg't armory, N. Y. city, ♦ Apr 13-89; 
frame, iron, steam engine storehouses. No. 4, U. S. Navy 
Yard, League Is., Pa., F. A. Stratton, specs. Mar 24-77 ; glass, 
n July 24-80; supports, masonry arches as, Tiedemann, May 
14-87; trusses, graph, analysis of, Greene, * Nov 15, Dec 15 
-75, * Jan 1-29, Feb 5-26, Mar 4, 18-76 ; wts. of girders and. 
Buck, Mar 3-83. 

Rope driving, C. W. Hunt, ♦ Nov 15-90. 

Ropes, manila and hemp, strength and rope power transmission, 
T. S. Miller, diag. * Dec 6-90. See also Cables; Wire 
ropes. 

Russell, John Scott, n June 17-82. 

Russia, drainage Pinsk marshes, Dec 26-85 ; diagonally through, 
ed. cor. Oct 11, 18-90. 

Salt works, obtaining brine, Tully, N. Y. pipe line, C. B. Brush, * 
July 5-90. 

Sand, movement of, Forchheimer, Mar 3-83. 

San Francisco, street Ry. stat. Mar 6-86. See alsc Railways, 
cable, San Francisco. 

Sanitary Engineer, bk. n Sep 23-82. 

Sanitary engineering, health principles of architecture, Pfeiffer, 
June 3, 10; Latham's, Nov 4-7!B; suggestions, D. Galton, 
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Sanitary engineering. 

addr. Dec 6-79 ; the houses of Connemara, Apr 16 ; soil in its 
relations to health, Pettenkofer, Oct 29 ; the disease of New 
York and its remedy, Nov 12, 26-81 ; aut. vault cleaner, 
Mouras', * Apr 15-82 ; condition of European cities, June 23 ; 
cast iron house drains, Aug 11-83; house drainage, Gerhard, 
Jan 26, do Durham sys. Feb 2-84 ; town ordinances, Sep 26 ; 
Coney Is., Gerhard, Oct 3-85 ; condition of soil under cities, 
Apr 9; house drains and traps, Honeyman, Oct 29-87. See 
also Drainage; Sewerage; Sewers. 

Science, the economical influence of, ed. Jan -76; instruments 
of, Dec 15-76. 

Sciences, Chicago Academy of, pro. Feb 12-76. 

Scientific progress in 1889, Jan 4-90. 

Screw threads, expts.. King, Oct 17-85. See also Bolts and nuts. 

SewagrCy disposal, Sheldon, J. Craggs, Nov 6-80, at Milwaukee, 
Wis. Aug 10-89; Paris, June 20-85, Providence, R. I., rep. 
Jan 1-87 ; electrical treatment of, Webster's, Apr 13-89 ; ef- 
fect of, on iron, C. O. Thompson, July 9-81 ; of London, Paris 
and Berlin, n Dec 6-90; plant, the Hardie, ♦ Feb 2-89; 
pumping plant at Aberdeen, S. Dak. * Nov 29-90 ; purifica- 
tion, at Frankfort, Gerhard, Feb 21-85, Lortzing sys., Berlin, 

♦ Oct 19, by electrolysis, Webster's proc. 26-89; treatment, 
expts.. Birch, Sep 17-87, experience in, Lindley, July 6-89. 

Seweragre of foreign cities, July 26-79; and draining of cities, 
G. E. Waring, Sep 18-80 ; Am. cities and towns. State Bd. of 
Health, Mass., Rawlinson on, May 13, 13-82; Nichols, Aug 
15-85 ; systems in U. S. and Canada, ed. Aug 23-90. See 
also Drainage. 

A. B. C. proc, Aylesbury, England, July 25-86. 

Berlin, R. Hering, Mar 18-82. 

Boston, Mass., Chesbrough commission rep. Feb 19, inset map, 

♦ 26,26, improved, n July 8-76, July 21-77; bids, Apr 12 
-79 ; pumping station, Feb 17-83 ; Jan 5, 5, 26, City Engi- 
neer's rep. May 10-84 ; sys. n July 6-90. See also Sewer- 
age, Mass; Sewers. 

Burham, Brady, June 6-85. 

Buxton, Thush sys. May 2-85. 

Chicago, 111., Fullerton ave., conduit, Cooley, map, * July 1-15 

-76; the lakes and Gulf waterway. Chic, drainage rep. Apr 

14'-88. See also Sewers. 
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Sewerage, Combined vs. Waring sys., Moore, May 17, and sepa- 
rate, McMath, May 24-84. 

East Orange, N. J., disposal works, ♦ Jan 5, sys. * 19-89 ; dis- 
posal works, Bassett, Feb 15-90. 

European cities, systems of, R. Hering's rep. Jan 28, Mar 18, 
Apr 15, 22-82 ; and garbage removal. Mar 27-86. 

Hull, England, pumping works, * Feb 8-90. , 

Kansas City sys. Dec 15-83; Chanute, Feb 16, Apr 26, May 3, 
10, Pearson, 24-84. 

Leeds, England, works, Mar 7-85. 

London, England, Met. rep. Mar 28, Apr 11, 18-86; expts. 
with, Apr 10-86. 

Manchester, England, Oct 6-88. 

Massachusetts, Mystic and Charles river valleys, rep. May 4 
-89; Met. Commission, Feb 1-90. See also Sewerage, 
Boston. 

Memphis, Tenn., sys., rep. Apr 6-89 ; F. S. Odell, * Apr 30-81. 

Mexico, and drainage, July 5-84. 

Nahant, Mass., Bowditch, Dec 8-83. 

New Haven, Conn., Chesbrough rep. Oct 15, Nov 15-74. 

New York city, drainage of 23d and 24th wards, full rep. Aug 13, 
20-81 ; state of N. Y. Mar 25-82. 

Norfolk, Va., sys.. Lamb, May 5-83. 

Orange, N. J. May 31-90. 

Paris, France, new sys. * Sep 3-81 ; R. Hering, rep. Feb 25 
-82 ; Nov 6-86. See also Sewers. 

Patents, Warings, G. K. Radford, cor. Oct 22-81. 

Peterborough, England, Jan 29-81. 

Philadelphia, Pa., modern sys., W. M. Roberts, cor. May 3; 
Dec 20- 79 ; n Apr 8-82. 

Pullman, 111., B. William^, June 17-82. 

Rio drainage works, July 24-80. 

San Diego, Cal., Schuyler, cor. Mar 22-90. 

South Framingham, Mass., works, Nov 23-89. 

STORM-water question in town sewerage, G. E. Waring, Dec 18 
-80. See also Sewers, storm. 

Thames valley, lower, Mellis, Dec 18-86. 

Towns, sewering of, on separate sys., A. E. White, Nov 15-84. 

Vienna, R. Hering, rep. Apr 15, 22-82. 

Wandle valley main drainage, Crump, Oct 11, 18-84. 

Washington, D. C. Feb 21-85. See also Sewers. 
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Seweragre, West Bay City, Mich. * Dec 27-90. 
Worcester, Mass., disposal works, * Nov 16-90. See also 

Sewers, Island. 
Sewers, See also Sanitary engineering. 
Baltimore, Nov 14-85. 
Boston, Moon Is., estimate of cost, n Apr 17 ; main drainage 

works, E. C. Clarke, inset, * May 8-80 ; tank, Feb 10-83. 
Brickwork thickness. See Sewers, thickness. 
Brooklyn, building, May 1-86. 

Buildin6, examples and faults in, ed., inset, ♦ July 15-74. 
Chicago, construction, spec. Apr, Pub. wks. Apr, May, May, 

June -75. 
Cincinnati, sanitary condition of, Nov 14, Anderson, 21, 28-78. 
Cleaning, tools, ♦ May 22-80 ; frame for, * Nov 1-90. 
Design, St. Louis, discuss. C. E. Club, Jan 29-76. 
Diameters for different acreages, diags. ♦ Aug 29-78. 
Discharge of, Aug 15-75; distrib. water, quantity, Arnould, 

Sep 3-87 ; tables, etc., Gloyne, Apr 6 ; gauging, Kuichling, 18, 

27, May 4-89. 
DuLUTH, Storm, inset, * Oct 25, 25-90. 
Englewood, N. J., prices, bids, Sep 17-87. 
Fall River, Mass. Jan 8-87. 
Flow in dry weather, St. Louis, J. Moulton, Sep 4-80 ; formula 

for vel. of, Hering, Dec 15-88. 
Flush tank. Field's aut. * Apr 30-81 ; Rome, July 12-84; the 

Galvin flusher, * Jan 19-89. 
Formula, for vel. of flow in, Herinr, Dec 15-88; Hartford* 

Feb 16-89. 
Foundations, contract prices, June 4-87. 
Grades, relation to zymotic diseases, Rafter, Jan 22, Apr 1-70. 
Inverts of, D. E. McComb, cor. * Oct 2-80. 
Island, Worcester, Mass. Apr 26-79. 
New York, notes on, G. G. R. Croes, * Jan 25-79. 
Paris, cor. Jan 15-81. 
Philadelphia, Jan 1-87. 
Pipe, Akron Co.'s works, O. * May 28-81. 
Proposals, May 28-87. 
Providence, R; I., May 8, 22, intercepting, Sep 11-86 ; disposal, 

rep. Jan 1-87. 
Rainfall, proportion of reaching sewers, Kuichling, Mar 16-30 

-89. 



STEAM. 85 

Sewers, Receiving basin and connection, specs. Jan 25-79. 
St. Louis, Mill Creek, specs, and proposal for repairing, Oct 16 

-80. 

Shreveport, specs. June 19-86. 

Storm, overflow, Deptford, London, June 21-84; at Duluth, 

Minn., * Oct 25, 25-90. 
Tank, Boston, Feb 10-83. 
Test borings by hand labor, outfit, * May 11, Guthrie, cor. * 25 

-89. 
Thickness of brickwork, formula, n Jan 22-76. 
Tools used in cleansing, * May 22-80. 
Trenches, sheeting and bracing of, W. Whittaker, * Oct 22 

-81 ; trench excavator, * Sep 27-90. 
Ventilation, July 14-77; Jan 30; ventilator, Eachus, Mar 6 

-86 ; A. Ford's, ♦ Aug 2-90. 
Washington, standard form, Jan 17-86 ; Oct 2, 9-86. 
Sliinn, Wm. P., por., inset, * Dec 20-90. 
Shops and shop buildings, J. W. Carpenter, July 22-76. 
Siemens^ Charles Wm. Nov 24-83. 
Silver. See Metals, silver. 
Siphons, T. D. Stetson, June 25-81. 

Skew arch, reverse curve culvert, B. R. Morton, * Dec 17-81. 
Slide rule, mechan. comput. by, Wm. Cox, Dec 20-90. 
Smithy Wm. Sooy, record, Feb 17-77. 
Snow removal by salt, Paris, Feb 0, Dec 11-86; and salt in N. 

Y. Jan 8; removal in Paris, n Mar 12-87. 
Snow shoes, the Norwegian Skee, * Jan 18 ; the true Norwegian 

Ski, * Mar 29-90. 
Solar heat motors, Monchot, n Sep 25-80. 
Sphinx, May 1-86. 
Stamp cancelling and postmarking machine, the Ethridge, * Oct 

5-89. 
Statue of Liberty, Bartholdi, N. Y. harbor, Aug 25-83; Jan 5 
-84 ; Apr 11, 18, cost, Aug 15-85 ; Nov 20-86. 
Quanhtemoc, Mex. * Feb 11-88. 
Steam, dry, the identification of, Denton, Feb 9 ; effic. of at high 
pressures, Beaumont, 9-89; economic use of, C. A. Smith, 
Nov 21, 28-78 ; and heat, A. Rigg, Sep 27-79 ; horse-power, 
total, of worid, n May 26-88 ; the quality of, J. W. Hill, Aug 
27-81 ; tables of properties of saturated, and other vapors, C. 
H. Peabody, bk. n WUey, N. Y. 1888. 
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Steam Boilers, the Babcock & Wilcox, * Oct 22-81. 

Explosions, and expts. in relation to, H. Scheffler, Jan 3-78 ; 

English, in 1887 and for 15 years, table, June 9, 9-88 ; Ga£E- 

ney & Co.'s, Phila., cast iron flat-heads, July 30-81. 
Feed water heaters, value of, Dec 18-86. 
Float, A. J. Wright's, * Aug 9-90. 
Furnaces, and engines, notes on the action of, Jan 15, 29, and 

chimney, Feb 19, Mar 12, Apr 2-81 ; forced combustion, 

Nov 26-87 ; a new sys. of generating steam, R. Scott, July 

28-88. 
Grate, Ryder reciprocal (and combustion), ♦ Dec 26-78. 
High water indicator, Schwarzkopff' s, * Nov 1-90. 
Joint, Thom, Feb 28-85. See also Steam boilers, strength. 
Kerosene in, L. F. Lyne, May 24-90. 
Making, notes on, ed. Oct 15-75. 
Management, Hartford Co. rep. Dec 15-74. 
Manchester Steam Users Assoc, rep. July 19-90. 
Notes on, May 13-76. 
Root wrt. iron sectional, Feb 24-84. 
Safety valve, nickel-seated "pop," * Sep 10-81. 
Serve boiler tubes, * Nov 8-90, 
Strength, pipes and cylinders, mechan. principles of strength, 

ed. July 15-75 ; comparative strength of plate for strains of 

tension and compression, J. E. Howard, table, Oct 30-80 ; 

riveted joint tests, Moberly, May 26, June 2-83. 
Tests, Gov't, coil boilers, Oct 13-88 ; tubular, with downward 

draft. Complete Combustion Co.'s, Galloupe, Mar 23, * Sep 

7-89. 
Theory of, physical, and engines, Wolff, Feb 20, 27-87. 
Calorimeter, universal, G. H. Barrus' * May 31-90. 
Engineering, new developments in, Whitaker, Apr 29-76. 
Engines. See also Marine — Pumping engines; Railway 
locomotives. 

Buckeye, A. Rigg, ♦ Nov 1, 8-79. 
Chicago exhib., and boilers, sup Oct 1.5-74. 
Compound, non-condensing, steam consumption of simple and, 

P. W. Williams', May 5-88; Jonson's balanced, ♦ May 4 

-89. 
Cylinder condensation, loss by, Emery, Nov 27-86. 
Dynamometer and boiler fuel economizer, P. Barnes, May 30 

-85. 
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Steam Engines, Governors, J. M. Smith, ♦ July 19 ; shaft, a 
use for inertia in, E. J. Armstrong, * 19-90. 

Grabner's, with combined piston and slide valve, ♦ Oct 26 
-89. 

High speed motor, Cockbum, Aug 6-87. 

Horizontal, A. Rigg, * Oct 4, 18-79. 

Indicators, the errors of, ♦ Feb 9-89. 

Inspection, Manchester Steam Users Assoc. Jan 15-81. 

Lubricators, A. Rigg, Dec 6-20-79. 

Mill, compound hor., A. Rigg, * Nov 15-79. 

Motor, an alleged'new, Lautreppe, Jan 7-88. 

Nox-condensing, internal friction of, Thurston, May 26-88. 

SEMi-portable triple expan. ♦ Aug 11-88. 

Tests, stationary, Barrus, Nov 13-86; several types, R. C. 
Carpenter, table, Aug 2-90. 

Treatise on, A. Rigg, Sep 13-27, * Oct 4-18, ♦ Nov 1-29, ♦ 
Dec 6-20-79, * Jan 10, 24, * Feb 7, 14, ♦ Mar 6-27, * Apr 3, 
17, 24, ♦ May 29, * June 5, 19, 26, * July 3-80. 

Westinghouse aut. compound, * May 5-88. 
Gauge, recording pressure, Bristol's, * Dec 7-89. 
Hammer, 80-ton, Creusot works, France, * Jime 24-82 ; who in- 
vented, Jan 24-85. 
Heating, of cities, Prall sys. Feb 8-79; C A. Smith, n Jan 22; 

plant data, 29; overhead pipes. Mar 5-87; aut. air valves, * 

Aug 24-89 ; non-conductors, effic of, Jan 25 ; and hot water 

plant, comparative test, diags. ♦ May 24 ; the steam loop, * 

Aug 2-90. Se§ also Heating ; Railway car heating, steam. 
Power of world, n Sep 21-89. 
Pressure regulator, the Curtis, * Dec 3-81. 
Pumps, Davidson, Feb 10-83 ; Lawrence Machine Co. May 7 

-87. See also Pumping engines. 
Road engines. See Road engines. 
Separators, Barnard's, Stratton's, ♦ Jan 18-90. 
Shovel, portable, Indus, works. Bay City, Mich. * July 5-90. 
Trap, expansion, Curtis, Sep 1-83. 
Steel, see also Iron and steel, angle bars, strength, drifting test 

for, * Apr 27-89. 
Bessemer, works, Raymond, Oct 27-77; early days of, Sep 10 

-81 ; Henry Bessemer's story of the invention of the Bessemer 

proc. Oct 18-90. 
Chrome, Carrington. Nov 15-76. 
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Steely CLAPP-Griffiths proc. June 27-85. 

Composition and properties, A. K. Huntington, Mar 26-81. 

Darby proc. of recarburization, A. Thielen, and ed. ♦ Oct 18, 18 
-90. 

Direct proc. tests, * Jan 21-88 ; (Carbon Iron Co.), tests, Apr (\ 
-89. 

Future of. May 0-85. 

Guns, use in, properties, Mar 26-87. 

Hardening, why does it harden, Metcalf, Feb 28-80. 

Hydraulic pressure, treatment by, Greenwood, July 6-89. 

Making from Cleveland iron, J. Head, May 3-79; in England, 
Sep 7-89. 

Mild, made by the Thomas proc. Apr 26-90. 

Open hearth, manuf., Riley, Nov 1-84 ; direct proc, tests, * Jan 
21 ; 20 years of open hearth experience, Koch, June 9-88 ; open 
hearth bridge, manuf.. Shed, Oct 5-89. 

Penn. Co., L. S. Bent, Apr 29-82. 

Production, 1880-90, Census bulletin, Nov. 8-90. 

Punching holes in soft, e£Eect of, expts., Guerhard, Dec 13 
-84. 

Rivets, etc., steel in construction, A. F. Hill, * May 15-80. 

Soft, effect of punching holes in, expts., Guerhard, Dec 13-84 ; 
severe tests of, * Sep 28-89. 

Specifications, chem. composition, A. F. Hill, June 17-82. 

Strength and elasticity, Christie, May 17-84. 

Structure, density and chem. composition, relation of, Lang- 
ley, Dec 23-76. 

Testing, Collingwood, Jan 16-86 ; drifting tests of structural, * 

Apr 27, May 18-89; rate of speed in, Flint, Apr 19-90. 
Works, Bessemer, R. W. Raymond, Oct 27-77; Edgar Thom- 
son, and blast furnaces, * Nov 1-90. 
Steps, length of, July 25-85. See also Walking. 
Stone, building, and stone masonry, Croes, * Mar 7-78; crusher, 
Blake's, * Nov 6-80; cutting, W. P. Trowbridge, June 2:5 
83; dressing, cost of, R. J. Cooke, Dec 13-90; gov't con- 
tracts, June 2-88 ; stone-lewis, Jan 23-86 ; strength, crushing, 
and cement, I. O. Baker, June 23-88 ; structures, stability of, 
W. H. Searles, * Sep 0, discuss. 13, 20-79 ; vol. water in sat- 
urated rocks, table, Oct 30-80 ; stone walls, to make water- 
proof, Apr 28-77. 
Storm predictions, Bailey, cor. Jan 15-76. 
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Stoves, closing cracks in cast iron, wood ashes cement, n May 
-75. 

Streets, grades, Nealley, July 15-75 ; grade intersections, Mar 5, 
July 9-87 ; lighting, cost of, Kansas City, June 28-fM). See 
also Engineering, munic. ; Paving ; Roads and under names 
of cities. 
Strikes, how they affect Pittsburgh, Apr 26-79. 
Surveying", the equal area system exploded, cor. July 15-75 ; 
practical, Apr 24, May 22, * June 5-80. 

Aarberg base line, Switz., measurement and ap. of Ibauer, 
Specht, Mar 22-84. 

Acreage table for computing right of way areas, June 14-90. 
.. Base line measurements by steel tape, Feb 13-86. 

British ordnance, Oct 18-JK). 

Boundaries, disputed, court decisions, Sep 24-81 ; law and 
legislation, U. S. Supreme Court decisions, notes, Feb 5-7G; 
boundary lines of states and territories, Safford, Apr -75. 

Chaining, J. C. Baker, Sep 19; H. W. Clarke, Oct 3-85. 

Co-ordinate, H. F. Walling, Apr 28, May 5, 12-77. 

Corners, about, F. Hodgman, Kalamazoo county, May 21 
-81. 

Curvature of the earth, allowance for, Apr 9-87. 

Early, bks. on, ed. Nov 4-82 ; in 1502, Feb 7-85. 

English ordnance survey, July 5-79. 

Field bks., recent, notice, Dec 11-80; and logs, P. H. Phil- 
brick, cor. May 7 and before, -81 ; notes. Roth well, Aug -75, 
Apr 5-90 ; transit field notes, keeping, best method, cor. and 
ed. Sep 29-88 ; field work, July 29, Aug 5-Sep 2-7G ; notes 
on, W. Cain, Apr 2-81. 

French and Italian methods of geodesy, new (full), * Dec 10 
-81. 

Gov't land surveys, Nov 7, recorded town plats, 14-78 ; gov't 
plats, circular to surveyors general, cor. June -75. 

Immortal, Dec 31-87. 

Instruments. See Instruments. 

Judicial functions of surveyors, Justice Cooley, Apr 16-81. 

Kings County, N. Y., ed. Oct 15-75. 

Great lakes of the U. S., methods, Jan, Feb 15, Mar -75. 

Land, D. Turpie, addr. Mar 13-82; in Can. July 7, 21, Aug 4, 
11, Sep 15-29-77 ; gov't survey of pub. lands, how to tell 
township and section comers, J. Edmunds, Jan 27, * Feb 3, * 
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Surveyingr, Land. 

10-77 ; do plats, circular to surveyors general, cor. June -75 ; 
do surveys, Nov 7, recorded town plats, 14-78 ; do quarter- 
section subdividing, Z. A. Enos, July 26, n Aug 23-84 ; old lot 
lines, Hoag, May 9, 16; I. O. Baker, Oct 31-85. See also 
Land. 

Latitude, running parallels of, L O. Baker, ♦ July 30-81. 

Legislation in relation to, attempted, in Mich., C. E. Greene, 
Jan 7-82. 

Leveling, prob. errors of, W. Airy, * Mar 31, Apr 7-28; level 
notes. Am. system of, J. B. Davis, cor. Mar 10-77 ; bk. for, T. 
Appleton, cor. June 14-79. 

Lines, long, carrying azimuth on long transit lines, Hayward, ♦ 
Aug 5-76; fixing intermediate points in very long straight 
lines, A. Nagel, * July 9-81. 

Mineral, Meyondor£F, sup. June 15-75. 

Monuments, design for, J. C. Isaaci, cor. * July 9-81. 

New Jersey state survey, Apr 14-88. 

New York city, laying out and monumenting 23d and 24th wards, 
S. S. Haight, Feb 12, 19, Mar 5, 12, 26, Apr 9-81. 

New York and Penn. boundary, H. W. Clarke, cor. May 31 
-79; state survey, 1883, Mar 8-84. 

North, what is due, cor. Mar -75. 

Ohio surveys, F. J. Sager, July 2-81. 

Parish, in Louisiana, Nov 15-74. 

Probable error on, M. Merriman, Jan 7-82. 

Problem, * Nov 1-90. 

Random lines, R. I. Morrison, Mar 4-82. 

Rectangular system, J. N. Wilson, rep. June 18-81. 

Resurvey of So. Amboy, N. J., G. Hill, * Apr 13-89. 

Section, ed. Mar 15, survey of section 6, Aug 15, cor. Sep 15, 
cor. Dec 15-75. 

Signs, Dec 5-85. 

South Amboy, N. J., resurvey, G. Hill, * Apr 13-89, 

Stadia measurements, cor. Jan 15, correction for, Feb 15-75 ; 
Roney, * May 2-78; J. P. Allen, * Feb 4-82; stadia work, 
the Porro telescope for, J. B. Johnson, * Nov 8-90. 

Street intersections, grades at, cor. n * June 21-90. 

Surveyor in perspective, H. D. Bartholomew, May 14-81. 

Surveyors, county, ed. Apr 5-79. 

Surveys, Aug 6-87. See also Surveying field notes. 
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Surveyingr, Topographical, and keeping survey notes, Roth- 
well, Aug -75 ; and Ry. surveys, T. Low, Oct 11-84 ; plotting 
contours, Lorini, cor., diag. * Feb 23; making topog. relief 
maps, cor. 23-89. 
Traverse, Bassell, cor. * Dec 7-89. 
Treatise on, old, Meyer, May 14-87. 

Swamps of U. S., Shaler, Mar 27-86. 

Switzerlaudy stat. Aug 3-89. 

Talcott, Anderson, Apr 28-83. 

Taxes, U, S. June 1-89. 

Telegrraph, the Am. inventors of the, ed. Apr 14-88 ; cables, an 
intemat. sys., J. Henniker, Oct 2.") -90 ; the electric, birth of, 
Apr 21; the Finley helio-telegraph, Apr 28-88; lines, the 
world's, Oct 25-90 ; ocean cables (submarine), Nov 17-83 ; 
trans-Atlantic cable lines, map, * Mar 29-90; Postal Co. Mar 
24-83 ; prog, of, n July 16-81 ; wires, undergr., Jacques, Dec 
27-84 ; Boston, Mar 27 ; prob. Oct 9-86. See also Elec. wires. 

Telegrraphy, cost and profits of, C. Barnard, Sep 24 ; growth of, 
n Oct 8-81 ; multiple telegrams, Feb 12-76 ; submarine, 
July 1-76. 

Telephoning, submarine, Dept. of Docks, N. Y. city, * Apr 12 
-79. 

Telescope, I. O. Baker, Aug 21-86. 

Telpherage, the Portelectric carrier. May 25-89; suspended 
wire rope tramway, Suspen. Transport. Co., A. D. Chandler's 
pat. ♦ July 12-90. 

Temperatures at various depths, L. Cochituate, Boston, diag. n 
♦ July 26-90. See also Earth temperatures. 

Testing machine, test pieces for bars and plates, Hackney, Mar 
1-84; bridge, 600-ton, Kellogg, Feb 5-87. 

Tidal notes, cor. Sep 4-80. 

Tide and current breaker, Sylvester's, ♦Jan 7-82. 
Gauge and reservoir, self-recording, Wm. Thomson, May 19 
-83 ; aut. self-registering, n ♦ July 28-88. 

Tides, prehistoric. Ball, n Apr 15-82 ; theory, Preandean, Dec 25 
-86. 

Timber, in marine works, the teredo, C G. Smith, * Apr 5-19 
79 ; preservation, O. Chanute, Dec 13-90 ; supply of U. S. n 
Feb 18-82 ; supply vs. Ry. consumption, B. E. Fernow, Oct 
25-90 ; use of, Lynde, Dec 15-74 ; timber work, tension joints 
in, expts. on, B. Fletcher, * Jan 18, * Feb 1, 8-79. 
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Time, water clocks, June 30-83 ; checking mach., the Llewellyn, 
* Nov 16-89 ; measuring, hist. Apr 4-85 ; standard, Apr 22 
-82 ; the standard of, 24 o'clock sys. * Aug 17-89. 
Tools of the pyramid builders, July 28-83. 
Tornadoes in the U. S., Hazen, notes, Apr 12-90. See also 

Storms; Wind. 
Towers. See also Chimneys ; Monuments. 
BouoAis, 1,000-ft., Paris, Jan 10-85.. 
Braced iron, cor. * June 21-90. 
Douglass harbor. Isle of Man, Dec 7-89. 
Eiffel, 1,000 ft., Paris, n Sep 17, Oct 1-87 j inset, * June 8-89. 
Foundations, Apr 23-87. 

Heights of, and spires, etc. of world, Sep 1, Nov 17-83. 
New York Lathing observ.. Crystal Palace exhib. 1853, * Nov 23 

-89. 
Philadelphia Pub. Building, hoisting ap. July 2, 9-87. 
St. Marks campanile, Venice, foundations of, Sep 5-85. 
Trevithick, proposed, Oct 9-86. 

Washington monument and others, Dec 15-83 ; Dec 27-84 ; 
Mar 14, 28-85. 
Towns, the shaping of, July 7, town architecture and modern 

pioblems, 7; 28-77. 
Trade, Am. and foreign exports and imports, Apr 14-88. 
Trades, condition of (prices for labor), July 23-81. 
Trautwiiie, John C. Sep 22-83. 
Trench excav. plant, Oct 25-84. 

Trestles, temporary trestling and its econ. as compared with 
earth-work. Hoover, Mar 25-76; McCoy's Creek, Fla., W. B. 
Howe, Jr. * Apr 29-82 ; wooden, Kan. C. & Om. Ry. Aug 13, 
cluster bent wood, Hanlon, Dec 31-87; C. B. & N. standard 
plans,* Apr 7, May 5, June 9; round timber, Burnt Bridge 
creek, Vancouver, Klickitat & Yakima Ry., Habersham, cor. * 
June 9 ; Norfolk & West, standard plans, * June 23 ; wooden 
trestle-work, special features in, cor. July 21, the design of, ed. 
21-88; timber for Rys., Palmer, July 13; Cleve. & Canton 
frame, * Nov 2 ; Wheeling & L. Erie, timber, * Dec 7-89 ; 
Ry. trestle, 24° curve on, J. H. Paddock, * May 10-90. 
Trigoiiometer, graphic, E. A. P. Adams, Sep 11-80; Leschom, 

diag. * Nov 24-88. 
Trigonometry. See Mathematics. 
Troy, N. Y. Dec 22-77. 
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Tubes, manuf . of copper by electricity, Wm. Elmore's, Aug 9 ; 
flexible metallic, T. R. Almond, * Nov 15-90 ; steel, spirally 
welded, * Mar 30-89 ; manuf. of weldless, Mannesmann proc. 

* Aug 2-90. 

Tunneliiigy engineering, successful, cor. n Mar 29-79 ; in soft 
and treacherous ground, * Oct 30-80; with a pilot, * June 18; 
Mont Blanc, n Sep 24-81 ; hoisting cage. Mar 31 ; Mont 
Blanc, Great St. Bernard, May 5-83 ; alignment. Steams, Aug 
16-84 ; economical construction, Siegler, Dec 25-8G ; in Col., 
cost, Apr 2 ; mach. in, drills, Lorenz, 30 ; through loose material, 
Bourdiol sys. June 18 ; in Montana, Aug 27-87 ; excavations, 
instrument for taking cross-sections in, F. W. Watkins, * July 
26 ; Great No. Ry., London, method, * Dec 20-90, See also 
Blasting ; Explosives ; Mining ; Railways, underground ; 
Tunnels, names of. 
Tunnels, Allegheny Mt. Nov 21, 28, Dec 12-85 ; Alleg. Portage 
Ry. * June 29-89. 

Arlberg, Alpine, Aus. Jan 1, n Aug 27-81 ; Nov 17, Dec 15 
-83 ; drills, Specht, Jan 19, 20, transport, in, Aug 2 ; chains in, 
23 ; ventil. in, Dec 6-84 ; Mont Cenis and St. Gothard, data, 
table, Apr 13-89. 

Bergen, Del. Lack. & W. R. R. June 16-77. 

Betchworth, Lond. Brighton & So. Coast Ry., repairing, * Apr 
20-89. 

Boston street railway, proposed, May 28-87. 

Brookfield, coal, Trumbull Co., O., G. D. Hersey, Apr 21-77. 

Channel. See Tunnels, English Channel. 

Chicago lake, * Jan 1, 15-76, Oct 29-87 ; river cable Ry., inset, 

* Feb 22, 22-90 ; sewage, proposed, Nott, cost, Feb 9-89 ; 
Washington st. alterations in, F. J. Tresise, Dec 13; water- 
works, inset, ♦ July 5-90. 

Construction, A. E. Baldwin, Oct 13-27-77. 

Detroit river, proposed, ed. May 13-76; Mar 3-77; Hall 

open caisson sys. Mar 26-87. 
Dorchester Bay, shaft sinking under difficulties, D. McN. 

Stauffer, inset, * Jan 14-84. 
Engineering, successful, cor. n Mar 29-79. 
English Channel, proposed, n Apr 26-79; Mar 18; J. C. 

Hawkshaw (full), * Oct 7-82; France and England, Calais 

and Dover, excav. ap. May 26; July 28-83; ed. Oct 25-90. 
Freyling mines, Saxony, longest in world, June 28-79. 
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Tunnels, Gould's, Pitts. Cin. & St. L. Ry., specs, for excav. and 

partial timbering, * Nov 13-80. 
Greek, 6th cent. B. C, Merriam, May 9-85. 
Harlem river, * Feb 18-88. 
Hudson river, Nov 29-79; May 1 ; disaster, * July 24, 24, * Aug 

7-21 ; caisson, * Sep 25, investigation, Oct 9, 16, caisson 

strength, * 23, accident, Nov 6, 18-80; * Jan 8; Aug 13; * 

Dec 24-81 ; * Mar 11 ; inset, * Sep 2-82; May 8-86; Oct 5 

-89; shield for, * Mar 15; cast iron lining, * Apr 12; shield, * 

July 19; segment erector, * Nov 15-90. 
Irish Channel, project, n Nov 22-90. 
Khojack, India, June 28-90. 
Locust Mt., Pa., immense mine, Aug 2-90. 
London & Southwark subway, under Thames river, Apr 2-87. 
Long, construction of, Bridel, June 30-83 ; ventil. and diam. 

drills, May 3-84 ; longest, Freyling mines, Saxony, longest in 

world, June 28-79; Jan 29-87. 
Mersey, and Ry., Liverpool, Oct 13-83 ; Feb 16-84 ; opening, 

Apr 4-85. 
Mexico, Valley of, * Aug 10-89 ; Zumpango works, * Nov 1 

-90. 
Mont Blanc, tunneling, n Sep 24-81 ; Great St. Bernard, May 

5-83. 
Mont Cenis, St. Gothard and Arlberg, data, table, Apr 13-89. 
MuscoNETCONG, June -75. 

Nepean, New So. Wales, alignment of, Keele, * Jan 19-89. 
New Jersey & Cen. Co.'s, Dec 15-83. 
Old, Aug 2-84. 
Pfaffenspruxg, St Gothard Ry., Brandt rock drill in, Feb 9 

-84. See also Tunnels, St. Gothard. 
Phcenixville, Pa. (Schuyl. Val. Ry.) Oct .3-85. 
Raton, R. L. Engle, Oct 11-79. 
Railway covered way, Glasgow City & Dist. Ry., W. S. Wilson, 

* Aug 25-88. 
Rock, bottom vs. top heading in, Kahnbach, * Mar 24-88. 
RocKPORT, Pa., Lehigh Valley R. R. * June 24-82. 
Rocky Mts., driving of first through the, Jan 21-82. • 
St. Clair, Pa. (Schuyl. Valley R. R.), Oct 30-86; Aug 20-87; 

Grand Trunk Ry., proposed, * Jan 26-89 ; L. Huron, * Oct 4 ; 

shield, inset, * Nov 8, 8, 22, inset, * Dec 6, hydr. mach. * 20, * 

27, tools used for clay excav., eds. * 27-90. 
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Tunnels, St. Gothard, Switz., D. K. Clark, Feb 5, 12-76; Sep 
26-78; completion of, * June 5; contract, Dec 18-80; (full 
account), Nov 19-81; opening, June 24; and Ry. * Aug 5 
-82 ; circular tunnels, etc. Nov 10-83 ; Pfaffensprung, Brandt 
rock drill in, Feb 9-84 ; contract, July 11-85 ; temp, observa- 
tions in, Nov 1-90. 

Sections, Mar 5-87 ; Can. Pac. Ry., T. K. Thomson, * Nov 24 
-88 ; instrument for taking cross sections in tunnel excavs., 
F. W. Watkins, * July 26-90. 

Severn, and Ry. Apr 17-86. 

SiMPLON, Switz., proposed, n Oct 29-81; June 2-83; Mar 8 
-84 ; proposed, July 2-87 ; temperatures, projected, * Nov 1 
-90. 

Snow, Can. Pac. Ry. Sep 4-86. 

South Penn. R. R. Sep 1-83 ; Nov 14, Dec 19-85 ; cost of, 
prog. Jan 2-86. 

Stampede, No. Pac. R. R., McHenry, * June 30-88. 

Subaqueous rapid transit, diag. * July 19-90. 

SuRAM, Trans-Caucasus Ry. May 11-89. 

SuTRO, Nov 29-79. 

Temperatures of, n Apr 1-82 ; Simplon, projected, * Nov 1 
-90. 

Thames subway, new, n Oct 21-76. See also Tunnels, Lon- 
don & Southwark. 

THREE-way, Crampton, Nov 24-83. 

Trautwine's patented, Sep 9-76. 

Valley of Mexico, * Aug 10-89. 

Ventilation of, May 9-78; Sep 17-81 ; May 3-84. 

VosBURG, Lehigh Val. R. R. July 26-84. 

Washington aqueduct, and air compressing plant, Feb 16-84 ; 
May 4, 11-89. 

Weehawken, * June 17-82. 

Zumpango works, Mex. * Nov 1-90. 
Turbine power, etc.. Freeman, cor. Sep 1, Oct 5-89. 
Type, relative frequency of letters and combinations, July 27-89. 
Type setting mach., the Linotype, * Mar 25-89. See also Print- 
ing machine. 
United States, and Canada, pop. growth, 1790 to 1880, Apr 27 
-89 ; Capitol, fresco artist of (C. Brumidi), Nov 20-80 ; cen- 
sus of 1890, ed. Nov 8-90 ; growth of, F. A. Walker, Sep 23 
-82; mail, losses of, Dec 20-84; mineral development, Mar 
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23-89; naval prog, in 1889, Jan 12-89; progress, industrial, 
Mar 31-83, a century of prog., pop., Rys , water-works, ed., 
colored inset diags. * Apr 27-89 ; Gov't and pub. works, Oct 
8-87; River & Harbor bill, G. F. Hoar, Aug 19-82; Gov't 
scientific bureaus, Feb 13-86; states, names of, Oct 6-83; 
statistical abstract of U. S., bk. notice, debt per capita, etc. 
Nov 24-88 ; taxes, June 1-89 ; Sec'y of War, rep. Dec 19-86, 
See also under names of cities and states and under subjects. 
Valve and hydrant manuf.. Chapman Valve Mfg. works, * Sep 15 

-88. 
Venice, foundations of, Sep 25-86. 
Ventilation. See Heating and ventilation. 
Walking", odometer (pedometer), July 25-86. See also Steps. 
War, cost of a bombardment, n Sep 23-82. 
Washington, D. C, munic. engineering, Aug 28-86 ; street im- 
provements, Oct 27-88. See also Engineering, munic; 
Pavin(j; Sewerage; Water supply, etc. 
Water analysis, L. Mich. June 14-79 ; Wanklyn's method, June 
3-87. See also Water examination. 

Aqueducts, of ancient Rome, Lanciani, June 11-81 ; of Zem- 
poala, Mex. * July 7; Croton, bad work on, and ed. * Oct 13, 
13, McBean, cor. 20-88. See also Water supply — works. 

Bad, what is, Frankland, n July 8-76. 

Charges by measure and assessment, and ed. July 28, 28-88. 

Company, a London, remarkable history, Aug 17; London Co.'s, 
n Nov 2-89. 

Conduits, * Feb 8-79. See also Water Pipes. 

Consumption of various cities, Brooklyn, n Apr 8, table, Nov 4 
-82 ; German rules, Oct 31-86. 

Ejector, Miller, * Aug 4-88. 

Evaporation, and absorption. May 30-78 ; depth of, in U. S., 
map, * Dec 29-88, Russell, Jan 5-89. 

Examination, for micro-organisms. Mar 6; collection, storage 
and purchase, June 12-86. See also Water analysis. 

Filter, the multifold, * Jan 7-82. 

Filtering plants, the Hyatt, Long Branch, N. J. * Oct 18-88; 
of Am. water-works, ed. June 21, July 19-90. 

Filtration, expts., G. Higgin, * Oct 4, 4-79; sand, at Berlin, 
W. R. Nichols, Jan 7-82; in Am., Croes, June 16-83; Tur- 
ner, Apr 18-86 ; Warren, Nov 19-87 ; through sand, eflSc. of, 
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Water Filtration. 

expts., Berlin, C. Frankel & C. Piefke, June 21, mechanical, ed. 

21-90. 
Gate, the Parker aut. * July 13-89; waste-gate, aut., A. D. 

Foote, * June 21-90. 
Ground, influence on health, Oct 23-86. 
Hardness of, test, Hardy, June 11-87. 
Impurities of, ed. Feb 25-82. 
Jet, chronology of, Feb 14-85. 
Lifts, East Indian, Sep 10-87. 
London, organic matter in, com. rep. Apr 6-89, 
Measuring by metric sys. Dec 22-83. 
Meters, in Berlin, Loewenherz, Oct 3-78 ; Mar 15 ; tests, N. 

Y., J. E. McKay, rep. May 3 ; Union Co., Worthington, * Oct 

25; P. Ball, 18, 25, L. H. Nash, * Nov 8; and water supply, S. 

J. Burr, * Nov 15 ; the Barton & West, * 22 ; L. H. Nash, * 29 

-79; the Deacon, and waste in Boston, Dec 11 ; the Crown, * 

18-80 ; a new, the Howe, C. H. Bacon pat. * Dec 17-81 ; 

rates, Apr 15 ; and sys., J. Coleman, Sep 2-82 ; the Tremont, 

Boston, Sep 15, 22-83; tests, Alsace, Oct 31-85; Apr 17 j 

Foote, Nov 13 ; Tilden, Dec 25-86 ; Thomson, Dec 31-87 ; 

tests, Boston, Feb 25; Prov., R. I. sys., Weston, Aug 11-88; 

the Frost, and consumption of water per capita, Feb 9-89 ; 

who should own the meters, June 21 ; rates, U. S. and Canada, 

table, ed. Aug 9, 16-90. 
Motors, the extended use of, Rodda, Feb 9 ; and dynamo, the 

Belknap, * June 15-89. 
Pipes, action of Boston water on, W. R. Nichols, Feb 25-88. 

California redwood, laying, * Apr 28-88. 

Cast iron, specs, for, June 14 ; requisite thickness under heavy 
pressures, C. H. Blake, Aug 16-79 ; 42-in., casting and test- 
ing at Widnes foundry, England, Dec 22-83 ; prices chart, 
1872-84, Jan 31; coated cast iron, spec, Boston, Feb 21 
-85 ; cost of laying, E. B. Weston, tables for es. June 21, 
28-90. 

Cement lined, Feb 16-89. 

Discharge, head in feet necessary to obtain difEerent vels., C. 
B. Brush, July 7-88 ; etc., Gould, * Feb 16, 23, Mar 2-23 
-89. 

Dual, and distribution. Marten, Sep 13-84, 

Joint, 6-in. flexible, * May 18-89. 
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Water Pipe Laying,' 25 ft. under water, at Wilmington, Del., 
Heckman, cor. Feb 7-78; Prov. May 1-86; under water; 
ingenious expedient for, F. S. Pecke, n May 3; cast iron, 
cost, E. B. Weston, tables for es. June 21, 28-90. 
Lead, use for, Aug 30-84. 

Long, economic head for, R. E. Brown, ♦ Oct 5-89, 
Scraper, Clajrton, Apr 10-86. 

Steel, Watson, Nov 6-86. See also Water pipes, welded. 
Welded steelf making, Cartwright proc. Apr 5-90. 
Wrought iron, H. Smith, Dec 18, Howland, 18-86; large. 
Mar 26; Apr 30-87. 

Power, cost of in Am., n Oct 8-81 ; Des Moines rapids, A. 
Black, cor. Apr 26-79; elec. light station, Keswick, England, 
inset, * Sep 13-90 ; Holyoke, Mass. June 1 ; Lowell, Mass, 1 ; 
Mass. practice, Fitzgerald, May 25, June 16-89; measure- 
ment of water, Nov 11-82; of New Jersey, Cook, rep. Jan 5 
-89 ; of Niagara Falls (and other rivers), F. R. Delano, Aug 
27-81, and river, Oct 13-83, Nov 19-87 ; the Niagara River 
Co. May 17, * 24, Niagara Falls Co. * Nov 8; Sault Ste. 
Marie, n July 12-90; of So. Atlantic slope, Swain, Nov 10 
-83 ; and steam, relative cost, Birkinbine, Feb 14-78 ; in U. 
S. June 25-81, Sep 4-86. 

Pressure regulator, the Kieley, * May 4-89. 
Water-proofing, Dec 1-83. 

Water purification, by iron, Anderson, Feb 14, ap. June 6, Sep 5 ; 
Ogston, 5-86 ; Anderson, Jan 1 ; Stanhope, Aug 27-87 ; con- 
tamination of, in storage reservoirs on Pac. coast and pallia- 
tives, * Aug 23-90. 

Rainfall, max. rates, Boston, chart, Fitzgerald, May 31 ; obs., 
N. E. Meteorol. Soc. Nov 8-84 ; efiEect of wind current on, 
Curtis, Jan 3; London rains, composition of, Russell, May 9 
-86; Fitzgerald, Aug 21-86; U. S., Oct, Dec 24-87. 

Rain gauges, self-recording, value of, Weston, May 4, 4-89. 

Rates, various cities, rep. on, D. F. Henry, n Dec 15-77. 

Reservoirs, storage, Sep 19-78 ; for railways, mills, etc., Bal- 
com. May 7-87. See also WATER-works reservoirs. 

Settlement, Seddon, * Dec 28-89, * Jan 4 ; clearing by, * Feb 
1-90. 

Standpipes, Oct 30-86. See also WATER-works standpipes. 

Storage, collection, purchase and exam. Jan 12-86. 
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Water Supply, see also WAXER-works ; principles of a, Nov 15 
-75; and water meters, S. J. Burr, * Nov 15-79; a success- 
ful aqueduct of lead pipe, R. Fletcher, Dec 4-80 ; of ancient 
cities, Atlee, Oct 27-83; rural, Hett, Mar 15, Apr 5, May 10, 
17; dual pipes and distribution. Marten, Sep 3-84; sys. Mar 
13 ; development of drainage areas, June 13 ; spongilla in main 
pipes, Fitzgerald, Aug 7-86 ; low pressure, C W. Baker, Aug 
14 ; development for small cities in West, Kiersted, Dec 24, 31 
-8 7, Jan 7 ; treatments and sources. Fanning, Apr 28 ; sub-sur- 
face waters for cities, Breneman, May 19-88. 
Albany, N. Y., Chesbrough, Dec 15-75. 
Amsterdam, Apr 19-90. 
Baltimore, Md. Oct 22-81 ; May 24-84. 
Boston, Jan 3-31, Feb 14, 21, Mar 7, map, * 21, 21, 28, 28, Apr 

4-25, May 16, errata, (p 167), 23-78; n May 10, 10-84; 

latest, n July 5-90. 
Brooklyn, N. Y.. S. McElroy, cor. Oct 16-80; increasing, 

Sep 23-82. 
Chicago, Feb 5-8 7. 

Cleveland, O. Apr 26, May 3, 10, June 14-79. 
Co-operative, Croes, Mar 29-79. 
England, national, Nov 28-78 ; Latham, July 5-84. 
Examination of, Aug 16-90. 
Gee LONG, Victoria, Australia, Mar 1, Sandhurst works, J. 

Brady, 8-79. 
Liverpool, England, Nov 15, Dec 15-76 ; Aug 27-81. 
London, England, n Sep 15-77; and main drainage, plans, 

suggestions, Mar 1-79 ; May 3 ; (Met), LeGrand, June 14 ; 

for fire extinction, Greathead, Sep 27-84 ; chem. analysis, 

Aug 29 ; tests, Dec 26-85. 
Massachusetts State Bd. of Health rep. Dec 8-83. 
Mexico, and sewerage of mt. cities, July 12-84. 
MoNTPELiER, Vt. May 22-86. 
Moscow, Russia, Apr 4-85. 
Newark, N. J., rep. Mar 15-79;. Jan 5-89; map, * Oct 11 

-90. 
New Orleans, La., rep. June 2-77. 
New York city, addition proposed, Bronx and Byram rivers, 

map, * Sep 4-80 ; Nov 5-81 ; the Croton aqueduct, Feb 18 ; 

Lake George, project. Mar 11, Apr 1-82; (Met), Apr 12 

-84; Adirondack, Jan 24-85 ; lower N, Y., Bartlett project, 
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Watier Supply, New York city. 

map, * Dec 22, Croton storage, McElroy, cor. 22-88 ; pota- 
ble, analysis, rep. June 1-89; July 19; hist.' and exploration 
for new reservoirs, E. P. Roberts, inset, * Nov 22, 29-90. 
North Attleboro, C. H. Blake, rep. Sep 24-81. 
Paris, France, * Jan 1, 8, correction, n 15-81 ; June 13-85; 

Ritter's proposed, Apr 7-88. 
Philadelphia, future, Birkinbine, * July 18; rep. Aug 22 
-78; future, ed., C. G. Darrach, Mar 20, Apr 3-80 ; rep. on, 
Oct 21-82; Schuylkill river, bad quality, July 21-83, Mar 
22-84, July 11-85 ; quality, Sep 3-87. . 

Pipes. See Water pipes. 
Ramapo, N. Y. May 12-83. 
Rochester, N. Y., sanitary protection of water-shed, Tubbs, 

Apr 28-88. 
Roman, old, Apr 18-85. 
San Francisco, Sep 2-76. 
Soudan, Apr 18-85. 
Sycamore, III, wells, * Mar 25-76. . 
Syracuse, N. Y., rep. Feb 23-89. 
Toronto, Ont., Can., proposed gravity, Dec 20-90. 
Utica, N. Y., C. F. Carpenter, Jan 19-84. 
Venice, n July 1-82 ; Nov 14-85. 
Windmills for, Dec 5-85. 
Yonkers, N. Y, n Mar 18-76. 
Surface, safety in use of, Sep 4-86. 
Tank, accident at Cincin. July 9-81 ; aut. flush, Rosewater, 

July 17-86. 
Temperatures, Am. Soc. C. E. Apr 26-84. 
Towers. See WATER-works towers. 

Valve, large, Dec 13-84 ; 48-in. stop, Croton aqued., N. Y. * 
Dec 15-88 ; opening indicator, Chapman Valve Co. * Dec 7 ; 
new stop valve, * 21-89. 
Waste, and supply, n Oct 29 ; prevention of, Dec 17-81 ; T. J. 
Bell, Sep 8-83; in cities, Ludlow, June 21-84; and its pre- 
vention, metering and minimum rates. Brush, Aug 25-88; 
Boston, diags. * Aug 30-79, Com. rep. June 10-82; pre- 
vention, Oct 18-84; in Chicago, June 7-79; Frankfort-on- 
Main, Germany, Gerhard, May 2-85; Milwaukee vs. Provi- 
dence, rep. Feb 12-81 ; in St. Louis, Nov 29-79, reports, Apr 
23-81. 
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Water, Weight of, Aug -75 ; Dec 28-89, 

Water-works, Abilene, Kan., Croes, Dec 16-82, 

Agawam, Mass., Croes, Sep 16-82. 

Akron, O., Croes, Dec 10-81. 

Alameda, Cal., Croes, May 13-82. 

Alexandria, Va., Croes, Aug 6-81. 

Allegan, Mich., Croes, Jan 28-82. 

Allegheny, Pa., Croes, June 18-81. 

Allentown, Pa., Croes, Dec 3-81. 

Alpena, Mich., Croes, Mar 11-82. 

Alton, III., Croes, Oct 8-81. 

Altoona, Pa., Croes, Aug 27-81. 

American, early, Chanute, Sep 25-80 ; hist, and statistics, J. J. 
R. Croes, Mar 5-26, Apr 2-30, May 7-21, June 4-18, July 2-30, 
Aug 6-27, Sep 10-24, Oct 1-29, Nov 5-26, Dec 3-31-81 ; Jan 7- 
28, Feb 4-25, Mar, &c -Dec -82 ; Jan 6, &c. -83, Jan-June 
13, 27, July 11, 18, Aug 1, 15, 22, Sep 5, 26, Oct 3-31-85; Jan 
23, 30, Feb 20, Mar 6, 20, Apr 3, 10, 24, May 15, statistical ta- 
bles, Oct 30, Nov 6-86; early, Phila. Apr 23-87. See also 
WATER-works, U. S., and names of places. 

American Assoc, pro., 1st annual convention, Apr 16, 23-81 ; 
July 15-82 ; Apr 26-84 ; July 3-86 ; July 20-87 ; Apr 28, 
28-88; May 31, June 7-90. 

Amherst, Mass., Croes, Nov 4-82. 

An AMOS A, Iowa, Croes, Nov 19-81. 

Ancient and modem, D'Avigdor, Sep 9, * 16, 23, * 30, Oct 7-28, 
Nov 4-18-76. 

Andes, N. Y., Croes, Apr 29-82. 

Annapolis, Md., Croes, Sep 30-82. 

Aqueduct cleaning, Fitzgerald, Apr 26-84. 

Arlington, Mass., Croes, Dec 30-82. 

Ashland, Pa., Croes, June 17-82. 

Associations. See WATER-works, Am. Assoc. — N. E. Assoc. 

Atchison, Kan., Croes, Feb 11-82. 

Athol, Mass., Croes, May 13-82. 

Atlanta, Ga., Croes, Aug 27'r81. 

Attleborough, Mass., Croes, May 27-82. 

Attica, N. Y., Croes, Jan 28-82. 

Auburn, Me., Croes, Feb 11-82. 

Auburn, N. Y., Croes, Oct 15-81 ; suction and siphon pipe of, 
♦ Nov 1-90. 
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Water-works, Augusta, Ga., Croes, Nov 19-81. 

Austin, Nev., Croes, Oct 14-82. 

Avon, N. Y., Croes, Dec 24-81. 

Baltimore, Md., permanent supply. May 19-77. 

Bangor, Me., n Mar 4-76; Eaton, * Mar 10-77 ; Croes, Oct 1 
-81. 

Batavia, N. Y., Croes, Feb 4-82. 

Bay City, Mich., Croes, July 15-81 ; Feb 23-84. 

Beaver Falls, Pa., Croes, Oct 1-81. 

Bedford, Pa., Croes, Oct 1-81. 

Bell AIRE, Ohio, Croes, Oct 1-81. 

Bellows Falls, Vt., Croes, May 20-82. 

Belvidere, N. J., Croes, July 22-82. 

Berwick, Pa., Croes, Apr 15-82. 

Bethel, Conn., Croes, Mar 11-82. 

Bethlehem, Pa., Croes, Apr 29-82. 

Big Rapids, Mich., Croes, Mar 25-82. 

Binghampton, N. Y., Croes, Aug 20-81. 

Birmingham, Ala., Croes, Oct 1-81. 

Birmingham, Conn., Croes, Oct 1-81. 

Blairsville, Pa., Croes, Apr 22-82. 

Bloomington, 111., Croes, Dec 3-81. 

Bloomsburg, Pa., Croes, Apr 15-82. 

Bordentown, N. J., Croes, Apr 22-82. 

Boston, Mass., Mystic, E. Boston, etc., rep. July 29-76 ; * Dec 
27-79 ; Croes, Apr 2, 9-81 ; contract prices. Mar 31 ; rep. 
Sep 15 ; Dec 22-83 ; Fisher hill reservoir, rep. Oct 10-86 ; 
Feb 6-27-86 ; rep. Feb 19 ; foundations and chimney, prices, 
Mar 5-87 ; Fisher hill reservoir, * Mar 24-88. See also Wa- 
ter supply, Boston. 

Boulder, Col., Croes, May 13-82. 

Bowling Green, Ky., Croes, Nov 25-82. 

Bradford, Pa., Croes, May 6-82. 

Brampton, Ont., Can., Croes, Dec 23-82. 

Brantford, Ont., Can., Croes, Oct 14-82. 

Bridgeport, Conn., Apr 9-87.. 

Bridgeton, N. J., Croes, Jan 7-82. 

Bristol, Pa., Croes, Apr 29-82. 

Brookline, Mass., Sep 26-78; Croes, July 22, Nov 11-82. 

Brooklyn, N. Y., Apr 15-82 ; Dec 5-86. 

Buffalo, N. Y., Croes, Apr 30-81. 
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Water-works, Burlington, Iowa., June 20-78 ; Croes, Aug 27 
-81. 

Burlington, N. J., Croes, Jan 28-82. 

Burlington, Vt, Croes, Dee 2a-82. 

Calcutta, India, Dec 17-87. 

Cambridge, Mass. May 9-78 ; Croes, July 2-81 ; proposed, 

Apr 15-82. 
Camden, N. J., Croes, Oct 28-82. 
Canaan, Conn., Croes, Dec 9-82. 
Canada. See WATER-works, U. S. and Canada, and names of 

places. 
Canajoharie, N. Y., Croes, Jan 28-82. 
Canon City, Col., Croes, July 15-82. 
Carbondale, Pa., Croes, Feb 11-82. 
Carlisle, Pa., Croes, Nov 18-82. 
Carthage, Mo., Croes, Oct 21-82. 
Catasauqua, Pa., Croes, Sep 2-82. 
. Cedar Rapids, Iowa, Croes, Apr 29-82. 
Charlestown, So. Car., Croes, Aug 6-81. 
Charlotte, No. Car., Croes, July 8-82. 
Charlottetown, Prince Ed. Is., Lea, rep. Apr 6-89. 
Chateaugay, N. Y., Croes, Apr 29-82. 
Chattanooga, Tenn., Croes, Dec 30-82. 
Chelsea, Mass., Croes, Apr 1-82. 
Cheshire, Mass., Croes, Dec 9-82. 
Chester, Pa., Croes, Oct 1-81. 
Chicago, 111., engine house, tunnels and foundations, spec. June 

-76; Chesbrough, * Jan 1-15-76; Croes, Mar 26-81; new, 

B. Feind, inset, * July 5 ; submerged vs. visible intakes, R. 

Hering, cor. 26-90. See also Water supply, Chicago. 
Chicopee, Mass., Croes, Feb 4-82. 
China and Japan, Hart, Mar 8-90. 
Cincinnati, O., past and present, Dec 19-78; Croes, Apr 16,23 

-81 ; rep. July 15-82. 
Clinton, Iowa., Croes, Nov 5-81. 
Clinton, N. Y., Baxter, Feb 28-86. 
Clarksville, Tenn., Croes, May 13-82, 
Colorado Springs, Col., Croes, Dec 9-82. 
Columbia, Tenn., Croes, May 13-82. 
Columbus, Ind., Croes, Oct 8-81. 
Columbus, Miss., Croes, June 24-82. 
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Water-works, Columbus, O., Croes, Aug 13-81. 
Concord, Mass., Croes, Oct 29-81. 
Concord, N. H., Croes, Mar 11-82. 
Concrete mixing, Boston, Dec 24-87. 
Conduits, use of salt glazed vitrified pipe in, Am. Water-works 

Assoc., S. E. Babcock, discuss. Apr 28-88. See also Water 

pipes. 
CoNNERSViLLE, Ind., Croes, May 27-82. 
Constantine, Mich., Croes, Nov 18-82. 
CoNSHOHOCKEN, Pa., Croes, Oct 8-81. 
Construction, notes, see Eng, News files; lifting a 40-in. main, 

Boston, Jan 23 ; prices, Croton aqueduct, Jan 30, main laying, 

N. Y. Mar 13-86; in U. S. Feb 26; statistics. May 28; and 

management, June 18 ; and statistics, July 23, 30, Aug 6, Sep 3, 

Oct 1, Dec 17, 24-87. 
Corning, N. Y., Croes, Aug 20-81. 
Council Bluffs, Iowa, J. D. Cook, rep. n Sep 6-79. 
Covington, Ky., Croes, Apr 1-82 ; G. Bouscaren, plans, inset, 

* May 10, inset, * 17, 17-90. 
Croton. See WATER-works, New York, Croton. 
Dallas, Texas, Croes, Oct 21-82. 
Dalles, Or., Croes, Apr 15-82. 
Dams and reservoir embankments for Am. water-works, ed. July 

12-90. See also Dams; WATER-works reservoirs. 
Danbury, Conn., Croes, Sep 10-81. 
Dansville, N. Y., Croes, May 20-82. 
Danvers, Mass., Croes, Apr 15-82. 
Danville, Pa., Croes, Nov 12-81. 
Davenport, Iowa, Croes, Dec 9-82. 
Dayton, O., Croes, July 30-81. 
Decatur, 111., Croes, Dec 17-81. 
DeKalb, 111., Croes, May 13-82. 
Delhi, N. Y., Croes, Feb 11-82. 

Denver, Col., Croes, Nov 19-81 ; Fortier, * Sep 22, 29-88. 
Des Moines, Iowa, Croes, Oct 22-81. 

Detroit, Mich. Apr 1-76 ; July 14-77 ; Croes, May 14-81. 
Dover, Del., Croes, Sep 16-82. 
Dover, N. H. Nov 26-87. 
Downingtown, Pa., Croes, May 20-82. 
Dublin, Ire., six hundred years ago, Bryson, Sep 15-76. 
Dubuque, Iowa, Croes, Nov 19-81. 
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Water-works, Dunkirk, N. Y., Croes, Oct 28-82. 
Dutch Flat, CaL, Croes, July 29-82. 
East Liverpool, O., Croes, Feb 11-82. 
Easton, Pa., Croes, Nov 25-82. 
East Saginaw, Mich., Croes, Nov 19-81. 
East Saugus, Mass., Croes, Feb 25-82. 
Ebensburg, Pa., Croes, Feb 25-82. 
Edinburgh, Scotland, June 23-83. 
Elizabeth, N. J., Croes, Oct 29-81. 
Elmira, N. Y., Croes, July 8-82. 
Elyria, O., Croes, May 27-82. 
Emporia, Kan. July 3-80 ; Croes, Feb 18-82. 
Erie, Pa., Croes, Aug 20-81. 
Eureka, Nev., Croes, Mar 11-82. 
EvANSTON, III, Croes, Dec 24-81. 
EvANSViLLE, Ind., Croes, Oct 28-82. 
Fair Haven, Vt, Croes, June 10-82. 
Fall River, Mass. June 6, 13, July 4-18, Aug 1-78; rep. May 31 

-79; Croes, July 2-81. 
Far West, of, ed. Apr 20-89. 
Fitchburg, Mass., Croes, Feb 4-82. 
Flush tank, Morrison, Apr 3-86. 
Fort Wayne, Ind., Croes, Oct 8-81. 
Fort Dodge, Iowa, Croes, May 6-82. 
Frankfort, Ky., Croes, May 27-82. 
Frederick City, Md., Croes, Aug 5-82. 
Fredericksburg, Va., Croes, Nov 11-82. 
Fremont, O., bids, Aug 19-82. 
Frostburgh, Md., Croes, Dec 30-82. 
Galveston, Texas, Mar 3-83. 
Geneseo, 111., Croes, Dec 9-82. 
Geneva, N. Y., Croes, Apr 15-82. 
Genoa, Italy, n Dec 18-86. 
Glovers ville, N. Y., Croes, Feb 11-82. 
Golden, Col. Sep 6-79. 
Goshen, N. Y., Croes, July 29-82. 
Gouverneur, N. Y., Croes, Feb 18-82. 
Grand Rapids, Mich., Croes, July 23-81. 
Great Barrington, Mass., Croes, Oct 29-81. 
Greenfield, Mass., Croes, Feb 4-82. 
Greenwich, Conn., 'Croes, Apr 15-82. 
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Water-works, Gunnison, Col., Croes, Nov 4-82, 
Hackettstown, N. J., Croes, Aug 26-82. 
Hague, Holland, Apr 6-89. 
Halifax, N. S., Croes, Sep 10-81. 
Hamilton, Can., Croes, Sep 17-81. 
Hamilton, Nev., Croes, June 17-82. 
Hanan, Pa., Croes, June 10-82. 
Hannibal, Mo., Croes, Feb 25-82. 
Hanover, N. H., Croes, June 10-82. 
Harrisburg, Pa., Croes, Sep 2-82. 
Hartford, Conn., Croes, July 23-81. 
Head gate, roller curtain, Foote, Dec 11-86. 
Henderson, Ky., Alves, Sep 16-76; Croes, Apr 8-82. 
High embankments, on, Fitzgerald, May 3-84. 
HiNGHAM, Mass., Croes, Feb 18-82. 
Hollidaysburg, Pa., Croes, Dec 24-81. 
Hot Springs, Ark., Croes, Nov 4-82. 
Houston, Texas, Croes, July 22-82. 
Hudson, N. Y., Croes, July 23-81. 

Hyde Park and Lake, Cook Co., 111. Sep 15-74; tunnel and in- 
let crib, McLennan, * Jan 12-89. 
Hyde Park, Vt., Croes, Dec 16-82. 
Hydrant service rental, C. E. Chandler, Nov 19-87. 
Indianapolis, Ind., Croes, June 4, 11-81. 
Ionia, Mich., Croes, Feb 18-82. 
I RONTON, Ohio, Croes, Dec 17-81. 
Irvington, N. Y. Oct 14-82. 
Ithaca, N. Y., Croes, Dec 16-82. 
Jackson, Mich., Croes, Dec 3-81. 
Jacksonville, Fla., Croes, Oct 15-81. 
Jacksonville, 111., Croes, Oct 15-81. 
Jamestown, N. Y., Croes, Nov 18-82. 
Janesville, Wis. * July 20-89. 
Japan and China, Hart, Mar 8-90. 
Jersey City, N. J., Croes, June 4-81. 
Johnstown, N. Y., P. H. Baermann, n Dec 5-78; Croes, Aug 

27-81. 
JOPLiN, Mo., Croes, June 3-82. 
Kalamazoo, Mich., Croes, Aug 6-81. 
Kali Nadi aqueduct failure, rep. May 18-89. 
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Water-works, Kansas City, * Mar 4, 11-76 ; rep. Apr 21-77 ; 

Croes, July 2 ; condition of, expert commission rep. Aug 6-81 ; 

map, Pearsons, Nov 5-26, Dec 3, 17, 24-87. 
Keene, N. H., Croes, Nov 5-81. 
Kenosha, Wis., Croes, Mar 4-82. 
Keokuk, Iowa, Croes, Jan 14-82. 
Kingston, Can., Croes, Nov 11-82. 
La Crosse, Wis., Croes, Dec 23-82. 
Lafayette, Ind., Croes, Apr 1-82. 
Lambert ville, N. J., Croes, Aug 13-81. 
Lancaster, O., Croes, June 24-82. 
Lancaster, Pa., Croes, Oct 28-82. 
Las Vegas, New Mex., Croes, Dec 16-82. 
Lawrence, Mass. Sep 5-19-78; Croes, July 16-81. 
Leadville, Col., Mar 1-79; Croes, Dec 10-81. 
Lebanon, Pa., Croes, Feb 11-82. 
Lee, Mass., Croes, Sep 23-82. 
Lenox, Mass., Croes, Feb 25-82. 
Leominster, Mass., Croes, May 20-82. 
Leroy, N. Y., Croes, Apr 29-82. 

Lewiston, Me., M. M. Tidd, n Dec 5-78; Croes, Nov 11-82. 
Leyden, Holland, engiiie house and water tower, * Dec 8-88. 
Lincoln, Mass., Croes, Dec 17-81. 
Litchfield, 111., Croes, Apr 22-82. 

Liverpool, England, Deacon, rep. Oct 3-85; * Dec 29-88. 
LocKHAVEN, Pa., Croes, June 3-82. 
LocKPORT, N. Y., Croes, Dec 17-81. 
Logan City, Utah, Croes, Mar 4-82. 
LoGANSPORT, Ind., Croes, Mar 4-82. 
London, Ont, Can., Croes, Aug 13-81. 
London, England, Bolton, rep. Apr 25 ; stat. Aug 15-85. See 

also Water Co.'s, London ; Water supply, London. 
LoNGMONT, Col., Croes, Dec 16-82. 
Los Angeles, Cal., Croes, Dec 9-82. 
Louella, Pa., Croes, Feb 11-82. 
Louisville, Ky., Croes, May 7-81. 
Lowell, Mass., Croes, June 11-81. 
Lynchburg, Va., Croes, Sep 17-81. 
Lyons, Iowa, Croes, Nov 5-81. 
Lyons, N. Y., Croes, Mar 18-82. 
Macon, Ga., Croes, Oct 28-82. 
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Water-works, Madison, Ind., Croes, June 17-82, 
Mahonov City, Pa., Croes, Feb* 18-82. 
Malden, Mass., Croes, June 24-82. 
Malone, N. Y., Croes, Feb 18-82. 
Manchester, N. H., Croes, July 16-81. 
Mansfield, O., Croes, Oct 28-82. 
Marblehead, Mass., iron reservoir, Nov 21-85. 
Marengo, Iowa, Croes, Apr 22-82. 
Marion, Ind., Croes, Dec 10-82. 
Marshalltown, Iowa, Croes, Aug 20-81. 
Martinsburg, W. Va., Croes, Feb 11-82. 
Mauch Chunk, Pa., Croes, Dec 24-81. 
Mankato, Minn., Croes, Aug 13-81. 
Meadville, Pa., Croes, Nov 5-81. 
Medford, Mass., Croes, Feb 18-82. 
Media, Pa., Croes, Dec 30-82. 
Melrose, Mass., Croes, Mar 18-82. 
Memphis, Tenn., Croes, Dec 17-81. 
Meriden, Conn., Croes, Nov 26-81. 
Middle states, ed. Dec 15, 22-88. 
Middletown, Conn., Croes, Mar 11-82. 
MiDDLETOWN, N. Y., Croes, Oct 14-82. 
Milford, Mass., Croes, Apr 22-82. 
MiLLviLLE, N. J., Croes, Feb 25-82. 
Milwaukee, Wis., Croes, May 21-81 ; pub. Aug 25-83; new, 

L. Mich, intake of, tunnel, * Oct 25-90. 
^Minneapolis, Minn., Croes, Oct 29-81. 
MiSHAWAKA, Ind., Croes, June 10-82. 
Moline, 111., Croes, Apr 15-82. 
Montgomery, Ala., Croes, Aug 13-81. 
MoNTiCELLO, Iowa, Croes, Feb 25-82. 
MoRRiSTOWN, N. J., Croes, Mar 4-82. 
Mount Holly, N. J., Croes, May 6-82. 
Mount Joy, Pa., Croes, Oct 15-81. 
Mount Vernon, O., Croes, Sep 9-82. 
Muscatine, Iowa, Croes, Oct 15-81. 
Mystic, E. Boston, etc., rep. July 29-76. 
Nantucket, Mass., Croes, Feb 25-82. 
Nashua, N. H., Croes, Oct 29-81. 

Nashville, Tenn., Croes, Dec 10-81 ; July 19-84 ; reservoir, 
Parsons, June 16-88. 
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Water-works, Natick, Mass,, Croes, Sep 2-82* 

New Albany, Ind., Croes, Aug 13-81. 

Newark, N. J. Aug 9, 23, Sep 6, Oct 11, 18-79; Croes, May 7 
-81. 

New Bedford, Mass., Croes, Aug 13-81. 

New Brighton, N. Y., Croes, Mar 18-82. 

New Brighton, Pa., Croes, Mar 11-82. 

New Britain, Conn., Croes, July 8-82. 

New Brunswick, N. J., Croes, Mar 25-82. 

Newburgh, N. Y., Croes, Aug 20-81. 

New Carlisle, Ind., Croes, July 29-82. 

Newcastle, Del., Croes, Dec 23-82. 

Newcastle, Pa., Croes, June 10-82. 

New England, stat., tables, Oct 13, 20-88. 

New England Assoc, pro. Sep 29-83, June 26-86, June 23-88, 
June 21-90. 

New Haven, Conn., Croes, Sep 17-81. 

New Lisbon, O., Croes, June 3-82. 

New London, Conn., Croes, Aug 6-81. 

New Milford, Conn., Croes, June 3-82. 

Newport, Ky., Croes, July 30-81. 

Newport, R. L, Croes, Jan 7-82. 

News and notes. See Eng, News files. 

Newton, Mass., Croes, Aug 6-81. 

New York city, Croton, and future supply, B. S. Church, * Jan 
27-77; Croes, Mar 5, 12-81 ; the Croton aqueduct, ed. Mar 
4-82; rep. Mar 17; Aug 11, 25-83; map, Dec 6-84; spec. 
Mar 7, 14, prices, 21; July 11-85; Jan 9, 23, construction, 
prices, 30; ventil. May 29; gate house, Oct 30; one year's 
prog. Dec 18-86 ; bids, Jan 22 ; prices for,. Feb 5, 19; July 30; 
rep. Aug 13-87 ; Croton aqueduct, meeting of headings, Jan 21 
-88; reservoir, " M," inset, * Mar 22-90. See also Water 
supply. New York. 

Niagara Falls, N. Y., Croes, Nov 5-81 ; Ont., Croes, Dec 9 
-82. 

NiLES, Mich., Croes, Oct 28-82. 

Norfolk, Va., ed. Feb 5; Croes, Aug 20-81. 

Norristown, Pa., Croes, Jan 7-82. 

North Adams, Mass., Croes, Sep 23-82. 

North Central states, ed. Mar 2, 9-89. 

Northampton, Mass., Croes, Aug 13-81. 
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Water-works, Norwalk, O., Croes, Sep 24-81. 

Norwich, Conn., Croes, July 30-81. 

Norwich, N. Y., Croes, June 3-82. 

Oakland, Cal., Croes, Apr 8-82. 

Ogdensburg, N. Y., Croes, Oct 1-81. 

Oil City, Pa., Croes, Apr 22-82. 

Omaha, Neb., Croes, Jan 14-82. 

Orange, N. J., proposals for, * Sep 23-82. 

OssETT, England, and testing of pipes and joints in the trenches, 
McPaterson, May 10-79. 

Oswego, N. Y., Croes, Nov 26-81. 

Ottawa, Can., Feb 14, 21, Mar 7-78; Croes, July 16-81. 

Ottomna, Iowa, Croes, Apr 1-82. 

OWEGO, N. Y., Croes, Nov 11-82. 

Owensboro, Ky., Croes, June 17-82. 

Owen Sound, Can., Croes, Mar 11-82. 

Palestine, Texas, Croes, July 22-82. 

Paris, France, Oct 29-81. See also Water supply, Paris. 

Paris, 111., Croes, Aug 20-81 ; service, Apr 9-87. 

Park City, Utah, Croes, July 29-82. 

Parkdale, Ont., Can., Croes, Dec 16-82. 

Passaic, N. J., Croes, June 10-82. 

Paterson, N. J., Croes, Nov 12-81. 

Pawtucket, R. I., Croes, Aug 20-81 ; * June 1-89. 

Peekskill, N. Y., Croes, Aug 27-81. 

Perth, Ont., Can., Oct 20-77. 

Peoria, 111., Croes, Dec 3-81. 

Peru, Ind., Croes, Dec 2-82. 

Pet ALUM A, Cal., Croes, Apr 1-82. 

Petersburg, Va., Croes, Apr 22-82. 

Philadelphia, Pa., cost of pumping, tables. Mar 14-78 ; rep. 
May 31-79; Schuylkill, Croes, Mar 19, 26-81; comparative 
cost of maintenance from 1861 — 1881, table, Dec 9-82 ; Jan 6, 
27-83; May 24, 24-84; Belmont submerged main, DeKin- 
der, rep. Mar 28 ; topog. surveys, Allen, 28 ; rep. 1884. Oct 3 
-85 ; rep. Aug 28-86 ; Feb 12 ; early Am. Apr 23 ; rep. Aug 
27-87. See also Water supply, Phila. 

Phcenixville, Pa., Croes, Sep 10-81. 

PiQUA, O., Croes, July 8-82. 

Pioche, Nev., Croes, Mar 25-82. 

Pittsburg, Pa., Croes, June 11, 18-81 ; rep. Jan 17-85. 
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Water-works, Pittsfield, Mass., Croes, Oct 15-81. 

PiTTSTON, Pa., Croes, Apr 15-82. 

Plain WELL, Mich., Croes, July 1-82. 

Pleasant Hill, Ky., Croes, Oct 1-81. 

Plymouth, Mass., Croes, Nov 12-81. 

Plymouth, N. H., Croes, Mar 11-82. 

Port Byron, N. Y., Croes, Mar 25-82. 

Port Huron, Mich., Croes, Dec 17-81. 

Portland, Me., Croes, Oct 22-81. 

Portsmouth, O., Croes, Aug 19-82. 

Potsdam, N. Y., Croes, Oct 1-81. 

Pottstown, Pa., Croes, Mar 18-82. 

PouGHKEEPSiE, N. Y., Croes, Aug 6-81. 

Prairie du Chien, Wis., Croes, Feb 18-82. 

Pressure in mains, various cities, table, Croes, Jan 9-30, Feb 6 
-27, Mar 6, 20, 27, Apr 3-24, June 5, 26, July 17-86. 

Providence, R. I., Croes, May 14, 21-81 ; Apr 24-86. 

Pueblo, Col, Croes, Feb 11-82. 

Pumping, cost of, Phila., tables. Mar 14-78; direct and reser- 
voir sys. compared, July 12-84 ; cost of raising small quanti- 
ties by steam pumps, Oct 9-86. See also Pumping engines; 
WATER-works, under names of places. 

Quebec, Can., Geo. R. Baldwin, rep. May 9, inset, * 16, 26, 23, 30 
-78 ; Croes, Dec 10-81. 

QuiNCY, 111., Croes, Sep 30-82. 

Racine, Wis., Croes, Dec 3-81 ; * May 12-88. 

Rah way, N. J., Croes, Oct 15-81. 

Rates, Sep 5-85. 

Raton, New Mex., Croes, Dec 23-82. 

Records, Diven, Apr 27; U. S. and Can. 27, May 4-89. 

Red Bank, well and pumping mach. Aug 29-85. 

Renovo, Pa., Croes, Nov 11-82. 

Reports, June 27-85. See also WATER-works, under names of 
places. 

Reservoirs, in limestone countries, E. F. Fuller, Feb 23-84 ; 
reservoir walls, proper cross-section for, Cain, * June 23-88. 
See also Dams ; Harbor eng. ; Rivers ; WATER-works. 
Athens, Ga., and dam, Ledlie, * May 5-88. 
Boston, Fisher hill, * Mar 24-88. 

Canada and U. S., embankments and dams, inset, * June 21 
-90. 
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Water- Works Reservoirs, Cleveland, O., failure, Dec 25-86. 

CoNSHOHOCKEN hill, Phila., remarkable breaks, Lukins, Aug 
18-88. 

Covered, Swan, Feb 16-89; Hudson, Wis. ♦ Mar 15-90. 
See also WATER-works, Nashville. 

Dams and embankments. See WATER-works reservoirs, Can- 
ada — Toronto — U. S. 

Hudson, Wis., covered reservoir, * Mar 15-90. 

Jersey City, * Nov 27-80. 

Knoxsville, Tenn., broken, July 21-83. 

Little Rock, broken, Nov 12-87. 

Marblehead, Mass., iron, Nov 21-85. 

Nashville, Tenn., Parsons, * June 16-88. 

Nebraska City, Neb., failure of, * Apr 19-90. 

New York, reservoir, " M," inset, * Mar 22-90. 

Northwester^ sys., Pyle, Oct 3-85. 

Storage, open or closed. Beach, Dec 3-87; appropriation, 
ed. Oct 6-88. 

Swansea, Feb 19-81. 

Toronto, Ont, Can., Rose hill reservoir embankment, * Aug 
2-90. 

U. S. and Can., embankments and dams, inset, * June 21-90; 

ViLLAR, Lozoya river, Manby, Feb 24-83. 

Waste weir capac, determination, McAlpine, June 29-89. 
Richfield Springs, N. Y., Croes, Apr 22-82. 
Richmond Furnace, Mass., Croes, Dec 16-82. 
Richmond, Va., Croes, July 2-81 ; July 8-82. 
RocHELLE, 111., Croes, June 17-82. 
RocKFORD, 111., Croes, Jan 7-82. 
Rockland, Me., Croes, May 6-82. 
Rome, Ga., Croes, Oct 1-81. 
Rome, N. Y., Croes, Oct 1-81, 
Sacramento, Cal., Croes, Oct 28-82. 
Saginaw City, Croes, Dec 16-82. 
St. Albans, Vt., Croes, Mar 4-82. 
St. Catherine's, Ont., Can., Croes, May 6-82. 
St. Charles, Mo., Croes, Mar 18-82. 

St. Cloud, Minn., lowering intake pipe and crib, ♦ Apr 28-88. 
St. John and Portland, N. B., Croes, Apr 29-82. 
St. Johnsbury, Vt., Croes, Mar 4-82. 
St. Joseph, Mo., Croes, Nov 18-82. 
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Water-works, St. Louis, Mich., Croes, Apr 9, W, waste, 23-8 1 , 

Feb 18-82. 
St. Paul, Minn., Croes, May 6-82. 
Salamanca, N. Y., Croes, July 1-82. 
Salem, Mass., Croes, July 30-81 . 
Salem, N. J., Croes, Dec 23-82. 
Salem, N. C, Croes, June 10-82. 
Salem, O., Croes, Dec 30-82. 
Salem, Or., Croes, Mar 25-82. 
Salinas City, Cal., Croes, July 8-82. 
Salt Lake City, Utah, Croes, Dec 17-81. 
San Diego, Cal., Croes, June 24-82. 
Sandusky, O., Croes, July 30-81. 
San Francisco, Cal., Croes, Apr 23-81. 
San Josd Mission, Cal., Croes, Apr 1-82. 
Santa Barbara, Cal., Croes, June 24-82. 
Samaria, Russia, July 30-87. 
Saratoga Springs, N. Y., Croes, Sep 24-81. 
Sarnia, Can., Croes, Jan 28-82. 
Savannah, Ga., Croes, Nov 12-81. 
Schenectady, N. Y., Croes, Mar 11-82. 
Schuylkill, Phila., Croes, Mar 19, 26-81. See also Water- 

works, Phila. 
Scranton, Pa., Croes, Apr 1-82. 
S ED ALIA, Mo., Croes, Feb 4-82. 

Service pipes, Richards, June 28-84. See also Water pipes. 
Sewickley, Pa., Croes, July 15-82 ; supply and pump wells, * 

Aug 3-89. 
Sheffield, England, E. M. Eaton, Sep 20-90. 
Sherbrooke, Can., Croes, Nov 26-81. • 
Shreveport, specs, and sewerage, June 19-86. 
Sidney, O., Croes, Mar 4-82. 
Slatington, Pa., Croes, Feb 18-82. 
Somerville, Mass., Croes, June 10-82. 
Somerville, N. J., Croes, Aug 5, correction, 12-82. 
South Bend, Ind., Croes, Oct 29-81. 
South Bethlehem, Pa., Croes, Apr 22-82. 
Southern states, ed., tables, Feb 9-89. 
South Hadley, Mass., Croes, Oct 15-81. 
South Norwalk, Conn., Croes, July 29-82. 
Springfield, 111., Croes, Nov 25-82. 
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Water-works, Springfield, Mass., Croes, July 30-81. 

Springfield, O., Croes, Aug 5-82. 

Standpipes, towers, Princeton, N. J. Dec 1-83, Yonkers, N. Y. 
Oct 18-84, Gravesend, L. I., failure, Oct 23, Weehawken, N. 
J. Nov 6 ; Oct 30 ; Sandusky, O. Nov 13-86 ; July 2, Ward, 
24; notes, Sep 18-87 ; California redwood, C. A. Allen, * Apr 
28; B. F. Stephens, Oct 6; thickness of plates for, K. Allen, 
Dec 15-88 ; aut. gate closing appliance, ♦ Sep 28-89. 

State Centre, Iowa, Croes, Mar 4-82. 

Staunton, Va.. Croes, June 24-82. 

Steuben ville, O., Croes, Dec 2-82. 

Stillwater, Minn., Croes, Oct 15-81. 

Stockbridge, Mass., Croes, Oct 29-81. 

Strondsburg, Pa., Croes, May 6-82. 

Susquehanna, Pa., Croes, Oct 29-81. 

Syracuse, N. Y., Croes, Sep 10-81. 

Taunton, Mass. Dec 23-76; Croes, Aug 6-81 ; Feb 9-84. 

Tarrytown, N. Y., Croes, May 6-82. 

Terre Haute, Ind., Croes, Aug 6-81. 

Thomaston, Conn., Croes, Dec 16-82. 

Three Rivers, Can., Croes, May 11-82. 

Tiffin, O., Croes, Dec 16-82. 

Tioga, Pa., Croes, Oct 15-81. 

Titus VILLE, Pa., Croes, Mar 11-82. 

Toledo, O., Croes, July 30-81. 

Tombstone, Ariz., Croes, Aug 12-82. 

Toronto, Can., Croes, July 9-81. 

Torrington, Conn., Croes, Apr 1-82. 

Towers. See WATER-works standpipes. 

Town of Lake, Chicago, Croes, Apr 8-82. 

Trenton, N. J., Croes, Aug 19-82. 

Trinidad, Col., Croes, Apr 15-82. 

Troy, N. Y. May 17-79; Croes, July 16-81. 

Truro, N. S., Croes, June 24-82. 

Tunkhannock, Pa., Croes, June 17-82. 

U. S., and Canada, stat. Feb 28, list of, Sep 11-80, Feb 12; J. J. 
R. Croes, list, n Sep 3-81, and stat. Jan 28, list of towns, Nov 
4-82 ; of middle states, ed. Dec 15, 22-88 ; southern states, 
tables, ed. Feb 9 ; north central states, ed. Mar 2, 9 ; of far 
west, ed. Apr 20 ; and Canada, ed. and diag. * 27, 27-89, pres- 
ent status of, tables, June 28, new and projected, ed. July 5-90. 
See also WATER-works, American, and names of places. 
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Water-works, Urbana, O., Croes, Feb 4-82. 
Utica, N. Y., Croes, Oct 22-81. 
Vallejo, Cal., Croes, Feb 25-82. 
Vancouver, B. Croes, Feb 2-89. 
Vancouver, W. T., Crofes, Apr 8-82. 
Virginia City, Nev., n Oct 15-75; Gold Hill and Silver City, 

Croes, May 13-82. 
Virginia, University of, Croes, Jan 28-82. 
Waco, Texas, Croes, July 29-82. 
Walla Walla, W. T., Croes, Dec 16-82. 
Waltham, Mass., Croes, Dec 17-81. 
Walton, N. Y., Croes, Dec 9-82. 
Warsaw, N. Y., Croes, Feb 4-82. 
Warwick, N. Y., Croes, June 17-82. 
Washington, D. C, aqueduct, Feb 14-85; Sep 18-80. 
Waterburv, Conn., Croes, Aug 20-81. 
Watertown, N. v., Croes, Apr 22-82. 
Waukegan, 111., Croes, Jan 28-82. 
Waverly, N. Y., Croes, Feb 18-82. 
Wellesley, Mass., Fuller, rep. Oct 10-85. 
Wellsville, O., Croes, Nov 18-82. 
West, of far west, ed. Apr 20-89. 
Westborough, Mass., Croes, July 1-82. 
Westchester, Pa., Croes, July 8-82. 
Western N. C. Insane Asylum, Croes, Dec lH-82. 
Westfield, Mass., Croes, Apr 1-82. 
West Springfield, Mass., Croes, Oct 28-82. 
West Troy, N. Y., Croes, Mar 18-82. 
Wheeling, W. Va., Croes, Dec 2-82. 
Wilkesbarre, Pa., Croes, Nov 26-81. 
Williamsport, Pa., Croes, July 30-81. 
Wilmington, Del., Croes, Sep 17-81. 
Wilmington, N. C, Croes, July 1-82. 
Winchester, Mass., Croes, July 15-82. 
Wingham, Can., Croes, Feb 25-82. 
Winnemneca, Nev., Croes, July 29-82. 
Winona, Minn., Croes, June 17-82. 
Winsor, N. S.,rep. Nov 12-81. 
WiNSTED, Conn., Croes, Dec 17-81. 
WoBURN, Mass., Croes, May 13-82. 
WoosTER, O., Croes, June 17-82. 
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Water-works, Worcester, Mass., n Apr 15-76; Croes, July » 
-81. 
Yokohama, Aug 14-86. 

YoNKERS, N. Y., Croes, Aug 27-81 ; table, stat. Aug 30-00. 
York, Pa., Croes, Mar 18-82. 
YouNGSTOWN, O., Croes, Dec 23-82. 
Ypsilanti, Mich., W. R. Coats, ♦ May lO-W). 
Yreka, Cal., Croes, Apr 1-82. 
Zanesville, O., Croes, Nov 26-81. 
Wave power pump, Feb 18-88. 

Waves, as a motive power (in review of engineering), Jan 8, Tow- 
er, Apr 29-76 ; power of, n June 27-78 ; pressure on exposed 
structures, ed. Sep 0, J. E. Rettig, cor. and ed. ♦ Nov 15, 15; 
surfaces, cor. * Dec 20-00. 
Weather, stat., U. S. Mar 11), June 25 etc., Oct 15-87; U. S., 
May, 1888, June 23-88; warm winter of 1889 and 1890, L. 
Blodget, May 3-00. 
Weighing, the balance, Dec 15-75. 
Weight of men and women, Nov 18-82. 

Weights and measures, areas, polar planimeter, setting by com- 
putation, Gieseler, May 19-88 ; Chinese, Sep 29-83 ; decimal 
foot scale for engineers, Oct 24-78; English measures, Dec 
22-83 ; hist of, H. W. Richardson, Oct 25-00 ; length, stand- 
ards of, in various cities, Oct 15-74; international measures, 
May 22-80; standard measures, cor. Jan 3-78, Gieseler, * 
Sep 8, 15-88 ; round log structures, rule to estimate, n May 24 
-OO. See also Length ; Wire gauges. 
Metric sys. ed. Feb 5; as adapted to use of Am. machine 
shops, W. S. Pope, May 13-76; H. Paul, June 23, 30; dis- 
cuss. Sep 8-22-77 ; notes on the decimal division of the de- 
gree and metric sys., Merriman, Apr 25 ; rep. Aug 29, rep. C. 
E. Club of N. W. Nov 14, 21-78 ; is it wise to introduce it 
into our machine shops, C. Sellers, Nov 20, 27, ed. Dec 
4-80; metrical measurements, Dec 24-81; C. H. Swan, 
cor. Apr 8-82 ; in practical work, ed. July 7, Appleton, cor. 
2-88. 
Micrometer, or stadia, Newman, * Apr 29-76 ; 
Miner's Inch, ed. Sep 15-74. 
Welch, Ashbel, Sep 30-82; por. * Jan 20-83. 
Welding. See Electric welding. 
Wells, ancient, Latham, Sep 3-87. 



